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1 
INTRODUCTION 
Accurate measurement and assessment of individual cow performance 
becomes more important as the number of dairy cows in the United States 
declines. Milk production is the most important trait and should be 
measured on all cows. Measurements of additional traits also are impor­
tant. The relations between additional traits and milk production classify 
the criteria of measurement. Traits negatively correlated with milk 
production may reach undesired levels if selection continues for increased 
milk production without regard to correlated responses. Positively 
correlated traits could reach undesired levels also but this is not antici­
pated to occur first. Traits independent of milk production and traits 
with unknown relations to milk production need to be monitored to determine 
or indicate changes in the relations. If selection emphasis shifts from 
increased milk production to maximizing economic value, many traits will 
be needed to accurately assess individual cow performance. Milk production 
will be the major trait with additional traits fine tuning the economic 
evaluation of genetic potential. 
The objective of this study was to estimate the relations among health 
cost, persistency, postpartum length, and milk production. This broad 
objective was separated into three segments with the degree of complexity 
increasing with each segment. 
The first segment concentrated on the postpartum distribution of 
health costs and health disorders. Determining how health costs were 
distributed during a lactation helped quantify the relation between health 
2 
costs and postpartum length. Dally milk production, Initially low then 
peaking and gradually declining, could be related to the postpartum dis­
tribution of health costs. Specific relations of health costs with per­
sistency or 305-day milk production were not obtained from the first 
segment, although the postpartum distribution was adjusted for milk pro­
duction classes. The postpartum distribution of health costs was pooled 
across lactations as well as estimated for the first through fourth or 
greater lactations. Changes of the postpartum distribution by lactation 
could indicate a relation between health costs and persistency as younger 
cows were generally more persistent. 
The second segment concentrated on the relations of milk production 
and postpartum length to health costs, so that predictions of health costs 
from Dairy Herd Improvement Association (DHIA) data would be possible. 
The relations of calving age, days dry, and culling rate to health costs 
were evaluated to improve the prediction. No measure of persistency was 
available in the second segment. Repeatabilltles of categories of health 
costs and health disorders were determined from data on three research 
herds of the north central region (NC-2). 
The third segment evaluated DHIA data to determine heritabilities, 
genetic correlations, and phenotypic correlations of more than two dozen 
traits. One dozen of the traits were predicted categories of health cost 
and health disorders. Additional traits were persistency, postpartum 
length, and milk production. Persistency was estimated from monthly test-
day information. Results of the third segment gave some indication of the 
3 
relative importance of the potential for the traits measured to improve 
evaluations for dairy cattle. 
4 
LITERATURE REVIEW 
Persistency and various measures of persistency will be discussed. 
Methods of extending part records will not be reviewed, although extending 
part records is a main purpose of describing the shape of the lactation 
curve. Comments on profit functions to evaluate dairy cattle for economic 
merit will lead to the conclusion that information related to health of 
a dairy cow is desired. A synopsis of heritabilities and relations of 
cow performance and health will conclude the literature review. 
Persistency 
Several factors influence persistency with two of the most common 
being age and pregnancy. Younger cows are more persistent, but with lower 
total yield than older cows (Kellogg et al., 1977; Madden et al., 1959; 
Miller and Hooven, 1969; Schaeffer et al., 1977; and Wood, 1969). Madden 
et al. (1959) found that lactation curves of young cows crossed lactation 
curves of older cows about nine months postpartum. Espe (1941) showed a 
negligible effect of pregnancy on the lactation previous to the fifth 
month of pregnancy. Erb et al. (1952) observed a drastic drop in daily 
production after 180 days of gestation. Schaeffer et al. (1977) attributed 
an increase in variance of daily milk production after 290 days postpartum 
to the effect of pregnancy on production. Gilmore et al. (1938) stated 
that persistency was inherited independently of initial peak yield. 
Quantifying the shape of the lactation curve has led to several 
mathematical definitions describing persistency (Gaines, 1927; Kellogg 
5 
et al., 1977; Kuck et al., 1976; Schaeffer et al., 1977; Schneeberger, 
1978; Smith and Legates, 1962; Shimizu and Umrod, 1976; Sturtevant, 1886; 
Turner et al., 1923; Wood, 1967; and Wood, 1968). Each definition could 
rank cows on their displayed potential to maintain peak yield. One of the 
earliest methods led Sturtevant (1886) to conclude that "the natural fall­
ing off in milk for each month after calving is about nine per cent of the 
yield of the preceding month." Milk production from a single herd over 
15 years was accummulated by month of lactation to determine the rate of 
decline. Turner et al. (1923) defined persistency as a percentage, each 
month's production divided by preceding month's production, times 100%. 
An average of monthly persistencies gave a lactation estimate. For open 
Guernsey cows, monthly production was 94.8% of previous month's pro­
duction (Turner, 1926). 
K 
A proportional measure of slope, e , was defined for persistency by 
Gaines (1927), Gooch (1935), and Pontecorvo (1940). Estimation required 
Kt 
fitting the model, y^ = y^e , by least-squares where y^ was daily milk 
production in month t, y^ was the theoretical initial production, e was 
the base of natural logarithm and t was time in months. Pontecorvo (1940) 
described low persistency as .80 and high persistency as .93. 
Smith and Legates (1962) defined persistency as a ratio of production 
of the last 215 days to production of the first 90 days of the 305-day 
lactation. First calvers were more persistent than older cows. With 
paternal half-sib analysis of first records, heritabilities of 305-day 
milk production and persistency were .26 and .33, respectively. The 
genetic correlation between 305-day milk production and persistency was 
6 
.55. Analysis of later lactations resulted in small negative sire compon­
ents of variance. A regression of 963 pairs of daughters on dams estimated 
heritability for persistency in later lactations at .1. 
Wood (1967) defined persistency as c from parameters of a 
gamma-type function, y^ = an^e where y^ was daily milk production in 
week n, e was base of natural logarithm, n was time in weeks, a was a 
scaling parameter, and b and c described the slope of the lactation curve. 
Wood (1977) hypothesized that b was an index of the cow's capacity to 
utilize energy for milk production, and that c was the decay rate. Trans­
forming the gam:na-type function with natural logarithms produced a linear 
function. In (y^) = ln(a) + bln(n) - cn, that was solved for the parameters 
a, b, and c, with linear regression. Wood (1967) defined peak yield as 
a(b/c)^e week of peak yield as b/c, and total yield as a^ r(b+l). 
After assuming errors of estimation were distributed normally and inde­
pendently, Wood (1967) showed that the gamma-type function accounted for 90 
percent of the total variation in natural logarithm of daily yield for 
the single curve predicted. 
The definition of persistency was expanded by Wood (1968) such that 
the scaling factor and persistency were the only estimates required to 
predict total yield. Persistency was defined as -(b + l)ln(c) + In r(b+l). 
Integration of the gamma function was limited to a finite range, assuming 
that comparisons of groups of cows on persistency would not be affected 
by the portion not Integrated. Heritability of persistency was .0^ .11 
adjusted for month of calving and parity. Correlation between persistency 
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and a was -.86. Correlation between persistency and total yield was .31. 
Partial correlation between persistency and total yield holding a constant 
was 1.00 as theoretically expected. Wood (1970) found repeatability of 
persistency was .18. 
Schnaeberger (1978) had 45,721 first lactations from which he esti­
mated heritabilities of a. In b, and c as .097, .050, and .126, respec­
tively. The function -(b + l)ln(c), which Schneeberger defined as per­
sistency, had a heritability of .116. Schneeberger's (1978) genetic, 
phenotypic, and environmental correlations are in Table 1. 
Table 1. Schneeberger's (1978) genetic, phenotypic, and environmental 
correlations for first lactation lactation curve traits* 
Traits r^S.E.^ b 
a. In b -.57+.22 -.76 -.78 
a,c -.04+.11 -.54 -.61 
a, -(b+l)ln(c) -.5^.14 -.63 -.64 
lnb,-(b+l)ln(c) .22+ .13 .36 .38 
c, -(b+l)ln(c) -.58+.08 .17 .28 
In b,c .69+.08 .62 .62 
*a,b, and c were solutions to In(y^) = ln(a) + bln(n) - cn. 
^rg = genetic correlation, r^ = phenotypic correlation, r^ = 
environmental correlation, S.E. = standard error 
Shimizu and Umrod (1976) proposed a weighted gamma-type function where 
the error of the function of Wood (1967) was weighted by the inverse of 
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daily milk production for month n. The weighted function showed a 1.5% 
improvement over the unweighted function. More Importantly, Shlmizu and 
Umrod (1976) observed 34% atypical lactation curves using the function of 
Wood (1967). Thirty-two percent of the total records had down hill-shaped 
curves and 2% had concave-shaped curves. With b negative and c positive, 
the lactation curve shape was down hill. Both b and c were negative for 
concave-shaped curves. Persistency could not be estimated for concave-
shaped curves. Schneeberger (1978) found 45% atypical lactation curves 
with model of Wood (1967) and 39% atypical with model of Kellogg et al. 
(1977). 
Kellogg et al. (1977) solved the intrinsically nonlinear model 
b ~c t 
= at e + where was additive error rather than multiplica­
tive error as in model of Wood (1967). Also, t was time in months compared 
to time in weeks for model of Wood (1967). Variances of deviations from 
the estimated curve supported the assumption of homogeneity of variance 
for months two through ten. The model of Kellogg et al. (1977) did 
consistently underestimated the second month mean and overestimated the fourth 
month mean in all lactations. 
A nonlinear one-compartment open model was suggested by Schaeffer 
et al. (1977) to predict 305-day lactation production or quantify per­
sistency. The model was y^^ = A exp(-B(i - t^))(l - exp(-B(i - t^)))/B) 
exp(E^j) where y^j was the milk given on the i-th day of lactation by the 
j-th cow, t^ was a lag time, B was slope of lactation curve previous to 
peak yield, A was a scaling factor, fi was slope of lactation curve after 
peak yield, was a residual effect containing a periodic, y, or seasonal 
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effect on the curve. Individual cow estimates were not feasible because 
there were a large number of parameters. Mean natural logarithm of daily 
milk of cows in 24 season-age-lactation groups analyzed weighted by the 
inverse of variance for the group for each day of the lactation was 
analyzed. Primarily, weighting accounted for unequal numbers of records 
per day. Assuming all parameters but A were constant for a group, 
methodology to estimate A for a cow and then predict 305-day production was 
described (Schaeffer et al., 1977). Persistency for a sire group was 
defined as 3. 
Seasonal variation led Kuck et al. (1976) to alter model of Wood 
(1967) to the following logarithmic form, ln(Y) = ln(a) +bln(n) + cn + 
u sin(X) + V cos(X) where Y was average daily production for 10-day period, 
a was a scaling factor, b had its major effect in peak yield, c was 
primarily persistency, u and v were associated with seasonal variations, 
and X was day of year in radians. Wood (1972) described seasonal effect 
in dry lot as less than seasonal effect when summer pasture was available. 
Model of Wood (1967) was chosen to obtain estimates of persistency 
for individual cows which could be evaluated for the relations among 
persistency, health cost, postpartum length, and milk production. Although 
Kellogg et al. (1977) presented evidence supporting their assumptions of 
homogeneity of variance of daily milk production in months two through 
ten, more variability of daily milk production was found near the time of 
peak yield (Madden et al., 1955; Miller and Hooven, 1969; and Schaeffer 
et al., 1977). Solving the intrinsically nonlinear analysis required 
several iterations (Draper and Smith, 1966 and Snedecor and Cochran, 1967) 
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making estimates for individual cows tedious. Information on the number 
of days postpartum on test day could be included with model of Wood 
(1967) while Kellogg et al. (1977) had included only months postpartum 
of test day. Wood (1976) warned that 10 test days were insufficient to 
give estimates of any precision on an individual cow. Estimation would 
be less precise from 10 test days with model of Schaeffer et al. (1977) or 
Kuck et al. (1976) because more parameters were estimated. Seasonal 
variation could be accounted for in determining the relationships, making 
alterations to model of Wood (1967) unnecessary. 
Profitability 
Cost of milk production was calculated in three ways by Pearson in 
1919. Each method dealt with a different unit. With the farm as the unit, 
difficulties in identifying costs with specific enterprises made inter­
pretations futile. Considering the dairy herd as the unit, estimation of 
the cost of producing 100 pounds of milk was possible. Cost of producing 
100 pounds of milk also was estimated with the cow as the unit. Cost 
for the dairy herd Included cost of raising replacements while "only the 
expense of maintaining the mature cows and bulls and the returns from them 
are Involved" in calculating the cost of production for the cow as the unit. 
The cost of producing 100 pounds of milk was defined as the aggregate 
value of commodities to circumvent fluctuating prices. For the dairy herd, 
the cost of producing 100 pounds of milk was the aggregate value of 2.42 
hours of man labor, 44 pounds of grain, 50 pounds of hay, 188 pounds of 
silage, and 39 pounds of other roughage. 
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Expenses considered for the dairy herd and the percent of total 
expenses were feed, 66%; man labor, 17%; interest on livestock, 5%; 
horse labor, 3%; use of dairy equipment, 1%; use of buildings, 4%; and 
miscellaneous charges, 4%. Miscellaneous charges included cattle insur­
ance, registration, veterinary fees, breeding fees, medicine, dehorning, 
and others. Three-quarters of the credits for the herd as the unit were 
receipts from milk sold. Additional credits were milk consumed by family, 
increase in stock, manure, and miscellaneous receipts. 
For the cow as the unit, depreciation in value of stock was 8% of 
the total expense. Feed expense declined to 55%, man labor increased to 
20%, and the remainder of the cow expenses were the same percent of total 
expense as for the herd. Credits included value of calf born when the cow 
was the unit. 
Milk sales were still about 80% of the dairy herd income 60 years 
later (Pearson, 1978a). Feed cost declined to 50% with labor and facili­
ties together increasing to 33% of the cost. Cow depreciation was about 
5% and reproduction and health cost were about 5%. The slight increase 
in reproduction and health cost may be considered an example of capital 
replacing labor. Although Pearson (1919) did not mention profit, he 
described functions of income and expense that could be redefined as 
profit functions. 
Heady et al. (1956, 1964) defined milk production functions to assist 
nutrition studies. Emphasis was on the relation of feed to milk production. 
A conditional production function, assuming that all factors but concentrate 
intake and forage intake were constant, was proposed (Heady et al,, 1956). 
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Factors assumed constant were body size, "inherent breed qualities of the 
cow", man labor, and unspecified resources. A profit function per cow 
per time interval could be defined as the value of milk minus concentrate 
and forage cost. Converting the conditional production function to a 
profit function would allow ranking of cows, but probably would inflate 
profit estimates if no cost adjustment was made for factors assumed con­
stant. Cow profitability has been evaluated with profit functions where 
health costs have been assumed constant (Gill and Allaire, 1976a and 
Pearson, 1971). Gilmore (1977) has reviewed these profit functions and 
others of the early 1970's. 
Gilmore (1977) initiated the use of discounting in profit functions 
to account for the varying rates of income and expense over a cow's life­
time. Income and expense were per lactation and credited at the end of 
the lactation. Discounting was a method to adjust for varying calving 
intervals. Assigning income and expense per month could reduce the need 
for discounting. 
Young (1978b) took an unique approach to estimating cow profit­
ability. Rather than estimating lifetime profit. Young proposed an economic 
merit formula to evaluate cows 550 days post first calving. Thé economic 
merit formula was not strictly a profit function because all items of in­
come and expense were not included. Factors included were assumed to be 
of greatest importance and measurable with reasonable effort. Factors of 
the economic merit formula were a) "value of milk produced in the first 550 
days after first calving", b) "value of progeny produced at calvings up to 
days to first calving plus 550 days", c) "remaining value of cow at 550 
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days after first freshening", d) "rearing cost to first calving", e) 
"veterinary costs from first calving to 550 days thereafter", f) "foot 
care costs from first calving to 550 days thereafter " and g) "nutrient 
cost for maintenance, lactation, and pregnancy from first calving to 550 
days thereafter." Although health cost was only about 5% of expenses, 
the ease of measurement and variation among cows led to its inclusion 
in estimating cow profitability. 
Heritabilities 
Information on heritabilities of health traits is needed. Heritabil­
ities of health traits may be expected to be low, but expectation of low 
heritabilities is no justification for few estimates. Some one-shot 
methods of estimating heritabilities of mastitis have been reported. One-
shot methods record the incidence of mastitis from one observation per 
cow rather than continuous monitoring for a lactation or a lifetime. 
Schmidt and Van Vleck (1965) estimated heritability of the number of 
quarters infected at a specified time as .05. Wilton et al. (1972) 
estimated heritabilities of the number of mammary infections of any kind 
measured from one survey per cow as -.00, .05, and .11 in first, second, 
and later lactations. Heritabilities of the kinds of mammary infections 
per cow increased from .02 in first lactation to .03 in second lactations 
and .07 in later lactations (Wilton et al., 1972). Norman and Van Vleck 
(1972a) estimated heritability of mastitis as a binomial variable as .03. 
Repeatability of mastitis was estimated as .24 (Norman and Van Vleck, 
1972a) and .31 (Young et al., 1960). 
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Heritabilitles of reproductive measures, such as days open or calving 
interval, were low ranging from zero to .10 (Foote, 1970; Martin, 1978). 
Casida and Chapman (1951) estimated the heritability of cystic ovaries as 
.43, but Norman and Van Vleck (1972a) estimated the heritability of cystic 
ovaries as a binomial variable as .04. Erb et al. (1958) estimated the 
heritability of retained fetal membranes as .38. Heritability of dystocia 
as a trait of the dam was estimated as .11 (Pollak, 1975). Heritability 
estimates of binomial variables ketosis and milk fever were -.03 and .01 
with repeatabilities of .14 and .19 (Norman and Van Vleck, 1972a). 
Heritability estimates of additional health traits were not found. Gilmore 
(1977) estimated repeatabilities of cost and disorders of several health 
categories. Repeatability of reproductive cost and reproductive disorders 
was .18 (Gilmore, 1977) which agreed with repeatabilities of reproductive 
traits around .20 (Shanks et al., 1979). Repeatability of digestive 
disorders was .14 and of digestive cost was .09 (Gilmore, 1977). An udder 
category, including mastitis and unsaleable milk, had repeatability of .08 
for disorders and .10 for cost (Gilmore, 1977). Total health cost had 
slightly higher repeatability at .17 than total health disorders at .14 
(Gilmore, 1977). As milk production per cow increased with a correlated 
response of increased health cost (Shanks et al., 1978), obtaining genetic 
parameters of health traits became more critical. 
Heritability estimates by lactation for milk production, calving age, 
and culling rate are in Table 2. First lactation heritability estimates 
of milk production were higher than estimates in later lactations. Herit­
ability estimates of calving age increased slightly from first to second 
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lactation. Heritabllity estimates of culling rate were low. Age at first 
calving was associated with varying heritability estimates of .18 (Lin 
and Allaire, 1977), .34 (Lee, 1976), .51 (Gill and Allaire, 1976b)» and .74 
(Harville and Henderson, 1966). 
Table 2. Heritability estimates by lactation for milk production, calving 
age, and culling rate 
Trait and source Lactation 1 Lactation 2 Lactation 3 
Milk production 
Freeman, 1960 
Barker and Robertson, 
1966 
Taylor, 1977 
.36 
.35 
.21 
.24 
.24 
.14 
.26 
.23 
Calving age 
Taylor, 1977 .15 .18 
Culling rate 
Robertson and Barker, 
1966 .04 .05 .06 
Relations with Milk Production 
Farm income was affected more by diseases lowering efficiency of milk 
production than diseases causing mortality, suggesting that planned 
veterinary services need to deal with maintaining milk production (Morris 
and Blood, 1969). The two types of diseases discussed by Morris and Blood 
(1969) are not always antagonistic in the first lactation because cows with 
higher first lactation milk production remain in the herd longer (Berger 
et al., 1973; Van Vleck, 1964). McDowell and McDaniel (1968) found little 
relationship between first lactation milk production and health disorders. 
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Many genetic and phenotypic correlations in Table 3 are small, suggesting 
little relation between health traits and production. Gilmore (1977) 
found significant (P<.05) phenotypic correlations between milk production 
and annualized health cost and annualized udder cost. Additional experi­
ments relating milk production and health categories are needed (Gill and 
Allaire, 1976a} and Pearson, 1971). 
Phenotypic correlations in review by Martin (1978) suggest that high 
producing cows were associated with more reproductive disorders and longer 
calving intervals. However, Foote (1970) concluded that selection for 
high milk production would not greatly alter the ability of the dairy 
population to reproduce. Genetic correlations in Table 4 warn that se­
lection for increased milk production may lead to delays in reproductive 
performance. 
Relations with Calving Age 
Table 3 shows a greater similarity between genetic and phenotypic 
correlations of age at first calving and milk production within source 
than between sources within type of correlation (Harville and Henderson, 
1966; and Lee, 1976). Genetic parameters of age at first calving were 
inconsistent. Gill and Allaire (1976b) found relations of age at first 
calving and number of breedings as -.10 phenotypic correlation and .12 
genetic correlation. 
Slama et al. (1976) found a positive phenotypic correlation of .46 
between age at calving and peak daily milk production. Twenty-one 
17 
Table 3. Correlations Involving first lactation milk production 
Genetic Phenotypic 
Source and trait correlation correlation 
Norman and Van Vleck, 1972b 
Mastitis -.10 -.05 
Breeding problems -.02 .07 
Cystic ovaries .07 
Ketosis .08 
Gilmore, 1977* 
Annualized health cost .25 
Annualized udder cost .20 
Annualized reproductive cost .03 
Annualized other health cost .13 
Andrus and McGilliard, 1975 
Mastitis .02 
Harville and Henderson, 1966 
Age at first calving -.07 .06 
Lee, 1976 
Age at first calving .27 .20 
^Milk production was adjusted for days open. 
Table 4. Genetic correlations of actual milk production with reproductive 
performance by lactation _ 
Source and trait Lactation 1 Lactation 2 Lactation > 3 
Barker and Robertson, 1966 
Lactation length 305D) .55 .67^ 
Berger et al., 1979^ 
Days open .62 .15 .18 
Number of breedings .62 .53 .10 
*Only third lactations. 
^Milk production was fat corrected. 
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percent of the variation in peak daily milk production was explained by 
linear effect of age at calving. 
As early as 1914, Pearl concluded that the relation between age and 
milk flow was not strictly linear. The law relating milk flow to age was 
stated as follows: "The amount of milk produced by a cow in a given unit 
of time (7 days, 1 year, etc.) is a logarithmic function of the age of the 
cow." Although Pearl was relating milk flow to age, logarithmic functions 
have been adapted successfully to relate milk flow to days postpartum 
within lactation as evidenced by section on persistency. 
Relations with Stage of Lactation 
timing of health disorders during a lactation has not been quantified 
in detail. The amount of daily milk production and its distribution during 
the lactation has been studied for some time as evidenced by literature 
cited in the section on persistency. Reproductive disorders have been 
related to stage of lactation in the sense that a full-term pregnancy 
terminated reproductive disorders with conception. Even without prior 
estimates of reproductive cost, the largest portion would be expected near 
parturition. Several reproductive events, such as retained placentas and 
dystocia, occur at parturition. The distributions of cost of mammary, 
locomotive, digestive, and respiratory disorders during specific stages of 
lactation were not as obvious prior to the initiation of this dissertation. 
Mastitis may occur at any time during the lactation, however. Funk (1979) 
concluded from his literature review that cows are more prone toward 
developing mastitis at the initiation of lactation or when being dried off. 
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The largest cost of mammary disorders occurred during the first 150 days 
of lactation (Hansen, 1978). More specifically, the highest incidence 
of mammary infection was found during the first few weeks postpartum 
(Munch-Peterson, 1968). 
Hansen (1978) quantified the relation of health cost and stage of 
lactation for 2,910 seasonal observations of 672 lactations. A seasonal 
observation averaged 70 days. The days since calving at the end of the 
seasonal observation determined the stage of lactation of the observation. 
Consecutive seasonal observations of a cow probably were not consecutive 
stages of lactation because lactations were divided into 50-day stages. 
Reproductive cost was largest the first 100 days postpartum. Mammary 
cost and respiratory cost were largest between 50 and 99 days postpartum. 
The cost distributions for categories of locomotion and digestion were 
not significantly (P >.05) different from uniform distributions. Greater 
total health cost occurred early in lactation rather than mid to late 
lactation. 
Relations with Culling Rate 
The percentage of cows culled in successive lactations increased. 
Gilmore (1977) found that 21, 27, 31, 39, and 53% of the cows in the first 
through the fifth lactation did not have a subsequent lactation. Allaire 
and Henderson (1966) found that 21, 24, 28, and 33% of the cows in the 
first through the fourth lactation were not selected for a subsequent 
lactation. Lactation lengths of 275 to 304 days were associated with the 
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lowest percentage of cows being culled after any of the first through 
fourth lactations (Allaire and Henderson, 1966). 
Conclusions of Literature Review 
Progress is being made in developing measures to evaluate nonyield 
traits. Fine-tuning the economic evaluation of dairy cattle enterprises 
is benefiting from the different methods of several researchers. Animal 
breeders, nutritionists, and statisticians have contributed to more 
precise estimates of persistency. Animal breeders, nutritionists, and 
economists have developed detailed formulas to quantify economic merit. 
Interest in estimating genetic and phenotypic parameters has increased to 
meet the demand of the greater detailed economic formulas. Results of 
this dissertation should contribute additional estimates of genetic and 
phenotypic parameters to further improve the economic evaluation of 
dairy cattle. 
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DATA 
Sources of data were three research herds cooperating in the North 
Central Region Dairy Cattle Breeding Project (NC-2) - Improvement of Dairy 
Cattle Through Breeding and 201 California Dairy Herd Improvement Associ­
ation (DHIA) herds. The NC-2 herds were located at Beltsville, Maryland; 
Waseca, Minnesota; and Ankeny, Iowa. Individual cow health records were 
available from each of these NC-2 herds. Monthly DHIA test-day informa­
tion was available from the California herds. A discussion of the 
pertinent data from each of these sources follows. 
Agriculture Research Service Herd at Beltsville, Maryland 
The most detailed data were available from Beltsville. Miller et al. 
(1974) and Pearson (1978b) briefly discussed the computerized health and 
reproduction data handling system. In general, everything that happened 
to an animal and was observed in the Beltsville herd from February 2, 1973, 
to January 26, 1978, was recorded. Over 10,180 events were recorded. Up 
to 200 events could be recorded for an individual. These events included 
date of event and event. Major events included heat detected, service 
sire, calving, pregnancy check, pregnancy confirmation, treatment report, 
abortion, disease, left herd, birth weight, service sire assignment, cow 
dried off, decision not to breed, experimental surgery, post-calving exam, 
and reproductive exam. Codes for 192 diseases or types of injury and 161 
treatments were available to complement the major event code. Each record 
was uniquely identified by cow number, project designation, breed group. 
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breed code, sire, dam, and birth date. Information from Beltsville was 
condensed into nine categories of health traits; mammary, 52; reproduction, 
70; insemination; locomotion, 9; digestion, 27; respiration, 7; skin, 
skeletal or nervous, 22; discarded milk; and other, 5. The number 
following the health category was the number of diseases or types of 
injury in each category. Insemination was a major event and had no 
disease or injury code. Discarded milk was available with the production 
information which will be discussed later. Health information was 
condensed in two ways. One method counted the number of occurrences of 
events in each category ignoring different degrees of severity of the 
events. The second method weighted each event by a price estimate. 
Severity of a disorder and initial or repeated occurrence of a disorder 
influenced the price estimate in many instances. Category totals repre­
sented health costs of the category. A list of treatments and estimated 
1974-75 prices is in the Appendix. The 1974-1975 prices were selected to be 
consistent with prices of the other NC-2 herds. Constant price relations 
reduced confounding between biological and economic trends. Prices were 
assigned not to determine economic trends but to develop a common unit of 
measure of the diverse health traits. 
Milk production information was available from Beltsville as DHIA 
records for about half the cows and as actual sum of daily milk yield for 
the others. The Beltsville herd was handled as two herds to account for 
the disparity in types of production information. Information on dis­
carded milk was available on cows with actual sum of daily milk yield. 
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University of Minnesota Research Herd at Waseca, Minnesota 
Over 6,900 health events were recorded by category and date of event 
at Waseca. Additional labor necessary to care for ill cows also was 
recorded. Categories were mammary, reproduction, locomotion, digestion, 
respiration, other, first Insemination, later inseminations, and palpation. 
Young (1970, 1978a) and Hansen (1978) discussed the cow-care design; 
distribution of categories, defined as functions; and results. Data for 
the study were collected between May 1, 1968, and December 31, 1976. Actual 
veterinary and drug expenses were assigned to each event at the conclusion 
of the data collection period. Most prices were appropriate for 1975. 
Labor, charged at .083* per minute was added to the veterinary and drug 
expense to obtain the category health cost. DHIA records were the source 
of milk production information. 
Data from Beltsville and Waseca were pooled to estimate postpartum 
distribution of health costs and number of health disorders for total 
and seven categories of health traits; mammary, reproduction, insemination, 
locomotion, respiration, digestion, and other. A cross-classified model 
including herd-year, month of calving, lactation, mature-equivalent milk 
classes, and stages of lactation was solved by least-squares to estimate 
the relations among stage of lactation and health traits. The model will 
be mathematically described in the Methods. Tables 5 to 8 display the 
distribution of 30-day intervals by month of calving, lactation, mature-
equivalent milk classes, and stage of lactation for Beltsville, Waseca, 
and the combined Beltsville and Waseca data. 
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Table 5. Distribution of 30-day intervals by month of calving for 
Beltsville, Waseca, and combined Beltsville and Waseca data 
Month of calving Beltsville Waseca Combined 
January 868 682 1550 
February 845 811 1656 
March 610 556 1166 
April 262 557 819 
May 212 666 878 
June 350 513 863 
July 538 369 907 
August 393 421 814 
September 530 478 1008 
October 565 596 1161 
November 506 726 1232 
December 819 857 1676 
Table 6. Distribution of 30-day intervals by lactation for Beltsville, 
Waseca, and combined Beltsville and Waseca data 
Lactation Beltsville Waseca Combined 
1 3237 2692 5929 
2 1914 1968 3882 
3 971 1354 2325 
4 53. 741 1094 
5 22 314 336 
6 1 163 164 
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Table 7. Distribution of 30-day intervals by mature equivalent milk 
classes for Beltsville, Waseca, and combined Beltsville and 
Waseca data 
Mature equivalent milk Beltsville Waseca Combined 
kg 
< 4536 639 365 1004 
4537 to 4990 337 153 490 
4991 to 5443 462 309 771 
5444 to 5897 547 381 928 
5898 to 6350 690 452 1142 
6351 to 6804 938 836 1774 
6805 to 7257 859 848 1707 
7258 to 7711 823 968 1791 
7712 to 8165 495 755 1250 
8166 to 8618 366 780 1146 
8619 to 9072 188 571 759 
> 9072 154 814 968 
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Table 8. Distribution of 30-day intervals by stage of lactation for 
Beltsville, Waseca, and combined Beltsvllle and Waseca data 
Stage of lactation 
days postpartum 
Beltsvllle Waseca Combined 
0 to 29 596 652 1248 
30 to 59 564 624 1188 
60 to 89 539 590 1129 
90 to 119 526 582 1108 
120 to 149 512 577 1089 
150 to 179 497 562 1059 
180 to 209 477 551 1028 
210 to 239 463 534 997 
240 to 269 443 518 961 
270 to 299 428 486 914 
300 to 329 425 461 886 
330 to 359 398 447 845 
360 to 389 258 297 555 
390 to 419 142 163 305 
> 420 230 188 418 
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Table 7 defines the twelve mature-equivalent milk classes for the stage 
of lactation analyses. Milk production was age-adjusted with USDAt^DHIA 
factors (Norman et al., 1974). Thirty-day postpartum intervals describing 
stage of lactation are in Table 8. The 30-day postpartum interval immedi­
ately prior to subsequent calving or removal of a cow from the herd was 
often less than 30 days. All other intervals were 30 days regardless of 
whether the cow was in milk or dry or a combination during the interval. 
Thirty-day intervals greater than 420 days postpartum were assumed to have 
constant health costs and disorders, and were pooled as the last stage of 
lactation. 
Thirty-day intervals were chosen to approximate the distribution of 
occurrence of health categories by month (Miller and Hooven, 1969). As 
a first attempt all intervals were a constant length. Future evaluations 
may be improved if early lactation is split into daily or weekly intervals. 
Thirty-day or longer intervals may be adequate in mid to late lactation. 
Alternatively, intervals may be defined by the state of the cow, such as 
calving, involution, breeding, early pregnancy, late pregnancy, and dry. 
Two hundred sixty cows from Beltsville had 596 lactations containing 
6,498 30-day postpartum intervals. Two hundred ninety-one cows from Waseca 
had 709 lactations containing 7,232 30-day intervals. Combined, 551 cows 
had 1,305 lactations containing 13,730 30-day intervals. Table 9 displays 
the two-way distribution of 30-day intervals by stage of lactation and 
lactation for the combined Beltsville and Waseca data that were analyzed 
to determine the postpartum distribution of health costs and health dis­
orders by lactation. 
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Table 9. Distribution of 30-day intervals by stage of lactation and 
lactation for the combined Beltsvllle and Waseca data 
Stage of lactation Lactation 
days postpartum 1 2 3 >4 
0 to 29 488 365 210 185 
30 to 59 479 346 197 166 
60 to 89 459 333 185 152 
90 to 119 458 323 182 145 
120 to 149 455 313 182 139 
150 to 179 447 303 177 132 
180 to 209 441 289 177 121 
210 to 239 440 280 172 105 
240 to 269 432 262 166 101 
270 to 299 420 249 156 89 
300 to 329 410 242 153 81 
330 to 359 397 236 139 73 
360 to 389 257 161 92 45 
390 to 419 145 82 47 • 31 
> 420 201 98 90 29 
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Iowa State University Research Herd at Ankeny, Iowa 
Data from Ankeny for more than 120 events per lactation were recorded 
by lactation rather than by date of event. Four sets of prices effective 
January, 1972; March, 1974; January 1975; and January, 1978, determined the 
health costs. The four sets of prices were only slightly different. March 
1974 and January, 1975 prices were assigned to the majority of the health 
disorders at Ankeny. Preliminary analysis Indicated that fitting year-
seasons In model was sufficient to adjust for the small price fluctuations. 
Descriptions of the events recorded and a more elaborate adjustment of 
price fluctuations was discussed by Shanks et al. (1978). 
Health data and DHIA mature-equivalent milk production from 363 cows 
with 972 lactations at Ankeny initiated after May 1, 1968, and completed 
by January 15, 1979, were pooled with 459 lactations of 254 cows from 
Beltsvllle and 568 lactations of 246 cows from Waseca to form the lactation 
data. Combined, 863 cows with 1,999 lactations were available to develop 
predictors of health costs and health disorders. In-progress lactations 
were Included for the stage-of-lactation analyses, but were not included 
in the 1,999 complete or terminal lactations. 
Categories of health traits summarized by lactation were mammary, 
reproduction, locomotion, digestion, respiration, other, inseminations, 
and total. Events included in mammary category were internally or ex­
ternally related to the mammary system. Mammary events included mastitis, 
teat or udder injury, dry treatment, edema, bloody milk, hard quarters, 
and difficult milking. Reproductive events were associated with the 
30 
ability of the animal to reproduce. Reproductive examinations, such as 
postpartum checks and pregnancy checks were reproductive events. Diffi­
cult calvings, Caesarean births, and abortions were reproductive events. 
Abnormalities of the vagina, cervix, uterus, or ovaries such as metritis, 
pyrometra, discharges, adhesions, cysts, retained placenta, and tears in 
the reproductive tract were reproductive events. 
Locomotive events were related to an animal's mobility. Foot rot; 
injuries of the foot, leg, or hock; and lameness, arthritis, corns, and hoof 
trimming were locomotive events. The health category of digestion was 
associated with consuming, digesting, and excreting material to support 
metabolic functions of growth and production. Digestive events included 
milk fever, bloat, displaced abomasum, off-feed conditions, hardware, 
ketosis, toxemia, cystitis, kidney infection, constipation, diarrhea, 
gastrointestinal infections, bloody urine, lymphangitis, emaciation, 
malnutrition, wormed, and abdominal abcess. Milk fever and ketosis were in 
the other health category for the Waseca data. Events of pneumonia, 
pleuritis, bronchitis, and upper respiratory tract infections were included 
in the health category of respiration. Other health events were related 
to skin, skeletal, or nervous disorders. Injuries of body or eye; infec­
tions of eye, ear, post-dehorning, and navel; dermatitis, encephalitis 
keratitis, warts, leptospirosls, ringworm, umbilical hernia, 
pink eye, lumpy jaw, heart problems, downer, splits, pinched nerve, and 
preventative vaccinations were included in the other health category. 
Inseminations were a separate category and not included in the reproductive 
category. Total health category was the sum of the six categories: 
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mammary, reproduction, locomotion, digestion, respiration, and other. The 
total health category of the lactation data did not include inseminations. 
Predicting the health traits involved solving a model including herd-
year, lactation, culling rate, length, production level, calving age within 
lactation, and days dry. The model will be mathematically described in the 
Methods. Units of measure were complete lactations either terminal or non­
terminal rather than 30-day intervals as were the units of measure to 
estimate the postpartum distribution of health costs and health disorders. 
Culling rate was a binomial variable defining whether the lactation data 
occurred in a terminal or nonterminal lactation. Subsequent calvings 
followed nonterminal lactations. Table 10 displays the distribution of 
lactation data by terminal lactation, nonterminal lactation and lactation. 
Terminal lactations as a percent of the total within lactation for the 
NC-2 herds increased from 19% in the first lactation to 28%, 34%, and 52% 
in the second, third, and fourth or greater lactations. Length and pro­
duction level were classificatory traits with 20 classes each as defined 
in Table 11. Length was based on the continuous variable of postpartum 
length, defined as the time after calving before a subsequent calving or 
removal from the herd. Postpartum length was the sum of days in milk and 
days dry. Postpartum length for nonterminal records was calving interval. 
Inclusion of lactation data from Ankeny permitted an evaluation of longer 
postpartum lengths and more production levels than was possible for the 
earlier stage of lactation analyses. Production level was based on the 
continuous variable of mature-equivalent 305-day milk production. Table 
12 displays the distribution of nonterminal lactation data by length and 
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Table 10. Distribution of lactation data by terminal lactations, 
terminal lactations, and lactation 
non-
Lactation Terminal lactation Nonterminal lactation Total 
1 152 641 793 
2 150 395 545 
3 114 222 336 
> 4 168 157 325 
Total 584 1415 1999 
production level. All nonterminal lactations were greater than 200 days. 
All lactations less than 200 days were terminal lactations. Ninety 
percent of the lactations with mature-equivalent milk production below 
3,000 kg were termina], lactations. Range of calving age for lactation 
data was 20 to 33 months for first lactation, 32 to 53 months for second 
lactation, 45 to 70 months for third lactation, and 54 to 124 months for 
fourth or greater lactations. A regression on days dry was Included in 
the model because, length Included days in milk and days dry. 
California DHIA Field Data 
Monthly DHIA test-day information was available for 163,451 lacta­
tions. The Information included cow and sire identification, birth date, 
up to 12 monthly test-days milk production and days in test period, 
number of breedings, days dry, lactation, and 305-day milk production. 
Table 13 displays the distribution of California DHIA data. Data were 
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Table 11. Distribution of lactation data including terminal lactations 
by length and production level 
Length Number of Production level Number of 
day postpartum lactations kg lactations 
< 50 121 < 3000 178 
50 to 99 68 3000 to 4499 78 
100 to 149 52 4500 to 4999 80 
150 to 199 57 5000 to 5499 101 
200 to 249 60 5500 to 5749 78 
250 to 299 81 5750 to 5999 90 
300 to 344 286 6000 to 6249 93 
345 to 359 280 6250 to 6499 97 
360 to 369 160 6500 to 6749 130 
370 to 379 145 6750 to 6999 135 
380 to 389 101 7000 to 7249 124 
390 to 399 80 7250 to 7499 133 
400 to 409 74 7500 to 7749 116 
410 to 419 57 7750 to 7999 86 
420 to 429 67 8000 to 8249 89 
430 to 449 77 8250 to 8499 94 
450 to 469 78 8500 to 8749 85 
470 to 499 65 8750 to 8999 53 
500 to 549 54 9000 to 9499 91 
> 550 36 > 9500 68 
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Table 12. Distribution of nonterminal lactation data by length and pro­
duction level 
Length Number of Production level Number of 
days postpartum lactations kg lactations 
< 50 < 3000 17 
50 to 99 3000 to 4499 37 
100 to 149 4500 to 4999 45 
150 to 199 5000 to 5499 74 
200 to 249 5 5500 to 5749 56 
250 to 299 15 5750 to 5999 59 
300 to 344 231 6000 to 6249 65 
345 to 359 268 6250 to 6499 74 
360 to 369 139 6500 to 6749 106 
370 to 379 137 6750 to 6999 109 
380 to 389 96 7000 to 7249 99 
390 to 399 70 7250 to 7499 110 
400 to 409 68 7500 to 7749 95 
410 to 419 55 7750 to 7999 72 
420 to 429 60 8000 to 8249 74 
430 to 449 66 8250 to 8499 77 
450 to 469 71 8500 to 8749 73 
470 to 499 55 8750 to 8999 43 
500 to 549 46 9000 to 9499 74 
> 550 33 > 9500 56 
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Table 13. Distribution of California DHIA data 
Category Number of Records 
Available 163,451 
Not usable 51,546 
Inadequate sire identification 3,688 
No next calving, not sold, not dead 35,389 
No next calving, sold for dairy 3,313 
Postpartum length less than 0 or 
greater than 999 days 47 
Calving age less than 20 or 
greater than 124 months 2,574 
Days in milk, first test day less than 
0 or greater than 100 days 92 
Fewer than 5 test days 6,443 
Usable for lactation curve model 111,905 
Lactation 1 35,764 
Lactation 2 27,112 
Lactation 3 18,689 
Lactation >4 32,140 
edited for sire identification, postpartum length. calving age, days in 
milk to first test day, and number of test days. Lactations with no 
indications of a subsequent calving, death, or sale for dairy purposes were 
removed from the data. For the estimation of persistency 111,905 lactations 
were usable. Table 13 has the distribution of usable lactations by 
lactation. The California DHIA data of this study was a subset of available 
data of Berger et al. (1979), Laben et al. (1979), and Holtz et al. (1976). 
To simplify estimation of variance components, the California DHIA data 
were edited on the distribution of progeny per sire. For progeny of a sire 
to be selected, the sire needed progeny in at least three year-seasons 
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and in at least two herds for each of four lactations. Three hundred 
twenty-three sires of the original 3,333 sires had a sufficient progeny 
distribution to be selected. Only minute differences in the arithmetic 
means and standard deviations of the selected and unselected data are 
discernible as is shown in the Results and Discussion. 
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METHODS 
Linear models were used to estimate least-squares constants, re­
gressions coefficients, and variance components. Least-squares constants 
defined the postpartum distribution of health costs and health disorders. 
Least-squares constants predicted health costs and health disorders per 
lactation. Regression coefficients were components of the definition of 
persistency. Variance components were fundamental to the estimation of 
repeatabilities, heritabilities, and genetic correlations. 
Postpartum Distribution of Health Categories 
Stage of lactation data from Beltsville and Waseca were analyzed by 
least-squares to describe the postpartum distribution of health costs and 
health disorders. Least-squares constants for stage of lactation defined 
the postpartum distribution. Model 1 estimated the postpartum distribu­
tion of health traits averaged over lactation. 
Model 2 estimated the postpartum distribution of health traits within 
lactation. Descriptions of Models 1 and 2 follow. 
Model 1 was 
^ijklmn ~ ^  herd-year^ + month^ + lactation^ + milk^ + 
stage^ + (1) 
where y^j^2.mn total, mammary, reproductive, insemination, locomotive, 
digestive, respiratory, or other health costs or health disorders on the 
n-th cow during the m-th stage of lactation producing the 1-th level of 
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milk in the k-th lactation started in the j-th month and i-th herd-year. 
There were 20 herd-years representing calvings in the Beltsville herds 
from 1973 to 1977, and calvings in the Waseca herd from 1967 to 1976. 
Monthj represented the 12 months of calving in a calendar year. For 
Model 1, lactations ranged from 1 to 6 with one seventh lactation pooled 
with the sixth lactations. Nilk^ represented 12 mature-equivalent milk 
production classes defined in Table 7. Stage^ represented 15 consecutive 
30-day postpartum intervals defined in Table 8. Error..,, had random 
1] Kim 
2 
expectation of mean zero and variance o . A conservative F-test with 
one and four hundred degrees of freedom was used to test significance of 
differences between stages of lactation to account for the lack of 
independence of different stages and lactations of the same cow. A 
split-plot analysis was suggested for the future to obtain more precise 
tests of significance. 
Model 2 was 
^ijklmn " herd-year^ + month^ + lactation^ + milk^ + 
(stage/lactation)^ + error.^^^^ (2) 
where y._ , month., milk,, and error,.,, were defined for Model 1. ijklmn j 1 ijklmn 
For Model 2, k ranged from 1 to 4 with all fourth or greater lactations 
together. Fifteen stages nested within each of the four lactations was 
represented by (stage/lactation)^^. Extremes of the herd-years with few 
observations were pooled so that 16 herd-years were fit. Median standard 
errors were available to approximate significance of comparisons of stages 
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within lactation. Median standard error was standard error of the median 
stage of lactation corresponding to standard error of stage of lactation 
210 to 239 days postpartum. Mean squares for interaction between stages 
and lactations were approximated by the difference in error sum of squares 
of Models 1 and 2 divided by the difference in error degrees of freedom of 
Models 1 and 2. The approximate mean squares of interaction divided by the 
error mean squares of Model 2 were tested against a conservative F with 
4 and 400 degrees of freedom. 
p - Mean^squares of Interaction 
Error mean squares of Model 2 
where mean squares of interaction 
_ Error sum of squares of Model 1 - Error sum of squares of 
" Model 2 
Error degrees of freedom of Model 1 - Error degrees of 
freedom of Model 2 
from analyses of variance of Models 1 and 2. 
Predictions of Health Categories 
Lactation data from the NC-2 herds of Beltsvllle, Waseca, and Ankeny 
were analyzed to develop predictors of health costs and health disorders 
for the California DHIA data. Predictors, y, were estimated from 
Model 3. 
^ijklmn ~ ^  herd-year^ + lengthy + production level^ + 
lactation- + term + (A + A.)(age... _ - 40) + 
X m X jL J KXum 
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where total, mammary, reproductive, locomotive, digestive, 
respiratory, inseminations, or other health costs or health disorders on 
the n-th cow during the 1-th lactation of j-th length and k-th production 
level started in the i-th herd-year and ended as a terminal or nonterminal 
lactation, term m. There were 23 herd-years fit after pooling information 
from herd-years with few observations; Ankeny 1969 to 1977, Beltsville 
1973 to 1976, and Waseca 1968 to 1975. Length, and production level, 
J k 
represented 20 classes of postpartum length and 20 classes of mature-
equivalent milk production defined in Table 11. Degrees of freedom were 
sufficiently abundant to fit one model with 20 classes for length and 
production rather than treating length and production as continuous 
traits. One model was assumed to be more efficient than the several 
regression models necessary to find an appropriate function describing 
the effect of length and production on each health cost and health 
disorder. Lactation^ represented 4 lactations with all fourth or greater 
lactations pooled. Term^ represented a binomial variable, culling rate, 
defining whether the lactation was the last of a cow or that a subsequent 
calving followed. All lactations were associated with a calving age, 
^®®ijklmn' days dry previous to subsequent calving, dry^^^^^^. Days 
dry of first calf heifers was not zero because days dry was defined as 
days following days in milk previous to subsequent calving. Most cows in 
terminal lactations had zero days dry. Health categories were regressed 
on calving age within lactation deviated about 40 months as the approxi­
mate mean calving age. The average regression of health categories on 
calving age was defined as A. The deviation from the average regression 
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of health categories on calving age for the 1-th lactation was A^. The 
average regression of health categories on calving age was felt to he 
insufficient to account for the dependence of calving age on lactation. 
The regression coefficient for health categories on days dry deviated 
about 50 days dry was b. Errorklmn random expectation of mean zero 
2 
and variance O . 
More conventional data, excluding terminal lactations, were fit 
with Model 4. 
^ijkln ~ ^  herd-year^ + lengthy + production level^ + 
lactation^ + (A + A^)(age^j^^^ - 40) + b(dry^j^^^ - 50) 
+ srr'fijkl. 
where herd-year^, production level^, and lactation^ were defined for 
Model 3, and dry^.j^^^, and error^^^^^ for nonterminal 
lactations correspond to y, age, dry, and error of Model 3. All non­
terminal lactations had postpartum length greater than 200 days. Lengthy 
represented 16 classes of postpartum lengths greater than 200 days. 
Repeatabilitles of the health categories for the NC-2 lactation 
data were estimated from Model 5. 
y^j^ = y + herds^ + (year-seasons/herd)+ (cows/herd)^^ 
+  e r r o r ( 5 )  
where y^^^ was total, mammary, reproductive, locomotive, digestive, 
respiratory, or other health cost or disorders, or insemination costs or 
inseminations on the k-th cow freshening in the j-th year-season in the 
i-th herd. Herds^ were the NC-2 herds of Beltsville, Waseca, andAnkeny 
42 
with the Beltsville herd handled as two herds. Two seasons were defined 
with a five-month summer from May through September and a seven-month 
winter. Herds and year-seasons were fixed. Cows and error were random 
2 2 
with expected means zero and variances and a . Repeatability was 
2 2 2 2 2 
defined as a /(a + a ) with estimates of a and a from LSML76 of 
c c c 
Harvey (1977). 
Relations Among DHIÂ Data 
Models to evaluate relations among health cost, postpartum length 
and milk production have been described. Subsequent models will evaluate 
persistency and the relations among persistency, health cost, postpartum 
length, and milk production. 
Persistency 
The gamma-type function described by Wood (1967) was chosen to 
estimate persistency from the California DHIÂ data of monthly test-day 
information. The function and the natural logarithmic transformation are 
defined in Models 6 and 7.. Models 6 and 7 were 
= a n^ e (6) 
In(yn) = In a + b In n - cn + error (7) 
where y^ was daily milk production in the n-th week of lactation; a, b, 
and c were parameters; e was base of natural logarithm; In was natural 
logarithm; and error was assumed multiplicative in Model 6, transformed to 
additive in Model 7. The n-th week was recorded to the nearest day. 
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Positive estimates of the a, b, and c parameters were combined to define 
persistency, c ; week of peak daily milk production, b/c; and peak 
daily milk production, a (b/c)^ e A multiple correlation coefficient, 
2 
R , was estimated for each lactation of each cow as the reduction sum of 
squares of Model 7 minus the correction factor for the mean divided by the 
corrected total sums of squares of In(y^). The correction factor was 
defined as the total sums of squares of In(y^) divided by the number of 
2 
test days in the lactation. For each cow, R was computed as 
^2 _ Reduction sum of squares of Model 7 - Correction factor 
Total sum of squares of In(y^) - Correction factor 
where correction factor 
Total sum of squares of In(y^) 
Number of test days in lactation 
A pooled multiple correlation coefficient was calculated for each of 
four lactations and overall by summing numerators and denominators of the 
2 2 individual R , previous to dividing for each pooled R . 
Large numbers of atypical lactation curves (Schneeberger, 1978, 
and Shimizu and Umrod, 1976) necessitated the development of a method to 
improve estimates of persistency rather than drastically editing the 
data. A method of Shook (1975) for estimating early lactation production 
was adapted to predict daily milk production on day 6 from the first 
test-day information. Day 6 was chosen to correspond to the first 
possible test day of DHIA. The method of Shook (1975) defined the first 
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test interval milk production to equal the first test-day milk 
production times an adjustment factor times days in milk in the first test 
interval. For first lactation, the adjustment factor equaled .605 plus 
.0435 times the square root of days in milk at the first test day. For 
second or greater lactations the adjustment factor equaled .635 plus 
.0435 times the square root of days in milk at the first test day. If the 
first test day was more than 75 days postpartum, an adjustment factor of 
1.00 was suggested for all lactations. Daily milk production on day n 
equals the cumulative milk production to day n minus the cumulative milk 
production to day (n-1). The equations to solve for yield on day 6, Xg, 
given daily yield on dayn,'X^, were 
\ = XJS(n)] n 
X = Y - Y . or Y , = Y - X 
n n n-1 n-1 n n 
where S(n) = .605 + .0435 /n for first lactation and S(n) = .635 + 
.0435 /n for second or greater lactations. S(n) represents factors of 
Shook (1975). Y^ was cumulative yield of first n days of lactation. 
Y^_j^ was cumulative yield of first n-1 days of lactation. Rearrangement 
allowed solving a set of recursive equations to estimate daily milk pro­
duction on day 6 from the first test day milk production on day n, with 
n known. Recursive equations were 
Y = Y - X 
n-i n-i+1 n-i+1 
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where X was daily yield, Y was cumulative yield, S(n-i) represented 
factors of Shook (1975), n was days postpartum of test-day, and 
i was 1,2,3,..., (n-6). Assuming that test-day milk production on day n 
was 100%, the recursive equations had to be solved only once for 
tabulation by days postpartum for each of Shook's equations. The 
percentage of day n milk production that was predicted for day 6 was 
tabulated in Table 14. 
Table 14. Percentage of day n milk production predicted for day 6 for 
first and second or greater lactations 
Days postpartum,n First lactation Second or greater lactations 
10 85 87 
15 77 81 
20 74 78 
25 72 77 
30 71 77 
35 71 77 
40 71 77 
45 71 78 
50 72 79 
55 72 80 
60 73 80 
65 74 81 
70 74 83 
75 75 84 
Daily milk production for test days more than 75 days postpartum was 
adjusted to daily milk production on day 6 by the percentage of day 75 
from Table 14 times 75 divided by the actual number of days postpartum of 
the first test. All reported test days were at least 6 days postpartum 
as required by DHIA. 
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Genetic parameters 
Herltabllities of and genetic and phenotypic correlations among 27 
variables were calculated from the California DHIA data for four lacta­
tions. Progeny of the same sires were represented in each lactation. 
Individual cows could have been represented in one to four lactations. 
Variables included 12 predicted health traits, 7 lactation curve traits, 
5 classificatory traits of prediction, and 3 continuous traits. Pre­
dicted health traits were costs and disorders for health categories of 
mammary, reproductive, locomotive, other, and Inseminations. Other health 
costs and other health disorders were redefined to include health categories 
of respiration, digestion, and other from Model 3. Lactation curve traits 
2 
were In a, b, c, persistency, week of peak yield, peak yield, and R . 
Classificatory traits of prediction were production level, length, culling 
rate, days dry, and calving age. Continuous traits were number of breed­
ings, postpartum length, and mature-equivalent milk production. Model 8 
was solved by Method 3 (Henderson, 1953; Searle, 1971) to estimate com­
ponents of variance and covariance. Model 8 was 
Y = XB + Zu + E (8) 
where Y was an n*27 matrix of n observations for each of the 27 traits, 
X and Z were known design matrices, B represented fixed effects of the 
mean plus herd-year-seasons, u represented a 323*27 matrix of random sire 
constants, and E was random error. The least-squares normal equations 
were 
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X'X x'z" V 'X'Y" 
Z'X z'z u Z'Y 
For Method 3, reduction sum of squares were necessary, specifically R(B) 
and R(B,u), the reduction sum of squares of the fixed effects ignoring the 
random effects and the reduction sum of squares of joint fixed and random 
effects. The difference between R(B,u) and R(B) defined R(u/B), the 
reduction sum of squares of the random effects after accounting for the 
fixed effects. The error sum of squares equaled Y'Y -R(B,u), computed as 
(Y'Y - R(B)) - R(u/B). The error mean square equaled the error sum of 
squares divided by the error degrees of freedom where error degrees of 
freedom were total number of observations minus the number of herd-year-
seasons minus the number of sires plus one. The sire sum of squares 
equaled R(u/B). The sire mean square equaled the sire sum of squares 
divided by the number of sires minus one. Sire variance equaled sire 
mean square minus error mean square divided by the effective number of 
progeny per sire. 
A matrix algebra description of the estimation of components of 
variance and covariance follows. Crossproducts were used to estimate 
components of covariance. Within herd-year-season sum of squares and 
crossproducts was 
Y'Y - R(B) = Y'Y - Y'X(X'X)~^'Y 
The sire sum of squares and crossproducts R(u/B) = u'Z'(I-X(X'X) ^X')Y where 
u = (Z'(I - X(X'X)"^X')Z)~^Z'(I - X(X'X)~^')Y following absorption of 
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the fixed effects. Selection of 323 sires rather than progeny of all 
3,333 sires facilitated obtaining a direct inverse to solve the reduced 
sire equations after restricting u of the last sire to zero for each trait. 
The matrix of error mean squares and mean crossproducts was 
V(e) = (1/(N - r(X) - s + 1))(Y'Y - R(B) -R(u/B)) 
where N was total number of observations, r(X) was rank of X, and s was 
the number of sires. The matrix of sire components of variances and 
covariances was 
V(s) = (l/K)((R(u/B)/(s-l))-V(e)) 
•> 
where K = (l(s-l))(tr(Z'(I - X(X'X)~^X')Z)), as the effective number of 
progeny per sire. (X'X) ^  was solved uniquely by applying one restriction 
to X'X, such as the mean equals zero. The trace, tr, of a matrix was the 
sum of the diagonal elements. 
Heritability was four times the sire component of variance divided 
by the sum of the sire and error components of variance. Heritability was 
four times the intra-class correlation t. The genetic correlation between 
traits i and j was the sire component of covariance between traits i and j 
divided by the square root of the product of the sire components of 
variances of traits iand j. The phenotypic correlation between traits i 
and j was the sum of the sire component of covariance and error component 
of covariance between traits 1 and j divided by the square root of the 
product of the sire plus error components of variances of trait 1 and the 
sire plus error components of variances of trait j. 
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Standard errors 
Standard errors of heritabillty were approximated by four times the 
square root of the variance of an intra-class correlation, t (Swiger 
et al., 1964). The variance of an intra-class correlation adapted from 
Swiger et al. (1964) for Model 8 was 
V(t) = 2(N - r(X) - 1)(1 - t)2(l + (K - l)t)2 
K^(N-r(X) - s)(s - 1) 
Standard errors of repeatability were approximated by the square root of 
the variance of an intra-class correlation. Standard errors of genetic 
correlations were approximated (Tallis, 1959). The hypothesis that pheno-
typic correlations were different from zero was accepted if |r | > 
tanh (Zqj/2ni/ /(N - 3) ) where | r | was the absolute value of the 
*ij 
estimated phenotypic correlation between traits i and j, tanh was the 
hyperbolic tangent function, was the random normal variate of a 
significance level for family of m correlations, and N-3 was the degrees 
of freedom of the estimate (Morrison, 1976). With a = .05 and m = 1,404 
phenotypic correlations, z 05/2808 4.3. The third lactations had the 
fewest degrees of freedom of 10,024. The critical value of tanh (4.3/100) 
was .043. Absolute values of phenotypic correlations greater than .04 
were different from zero at the .05 level of significance. 
Bias due to data reduction 
Robertson (1977) warned against estimating genetic parameters from 
progeny of proven sires suggesting that the error variance would be 
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greatly reduced by the selection and that heritabilities would be under­
estimated. The within herd-year-season sum of squares associated with 
mature-equivalent milk production was calculated for the unselected and 
selected California DHIA data to evaluate the effect of selection. 
Unselected California DHIA data refers to 111,905 lactations of progeny 
of 3,333 sires. Selected California DHIA data refers to 62,112 lactations 
of progeny of 323 sires. Distribution of lactations by lactation is given 
later in Table 97. Although heritability could not efficiently be cal­
culated for the unselected data, the herd-year-season mean square of the 
unselected data was available to approximate the population phenotypic 
variance. Robertson (1977) had stated that the phenotypic variance of a 
selected subset was reduced proportionally from the population phenotypic 
variance. The herd-year-season mean square of the unselected data was 
defined as the herd-year-season sum of squares of the unselected data 
divided by the degrees of freedom of the unselected data. The herd-year-
season mean square of the selected data was defined as the herd-year-
season sum of squares of the selected data divided by the degrees of 
freedom of the selected data. The statistic K1 was developed to approxi­
mate the bias of selection defined by Robertson (1977) . The statistic K1 
would be between .75 and 1.0 if proven sires were the selection criteria. 
Partial correlations 
Partial correlations indicating the relation between two traits 
holding a third constant were calculated to facilitate interpretations of 
51 
relations between total health cost, persistency, c, and maturet-equivà-. 
lent milk production. A partial correlation between traits i and j hold­
ing trait k constant was 
\|(1 - r 
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RESULTS AND DISCUSSION 
Postpartum distribution of health costs and health disorders will be 
reported first. The postpartum distribution of health costs and health 
disorders pooled across lactations as well as within lactation will be 
reported. Estimates for prediction of health costs and health disorders 
from complete terminal and nonterminal lactations and complete, non­
terminal lactations will be described. Repeatabilities of health costs 
and health disorders vill be reported. Subsequently, heritabilitles of 
and genetic and phenotypic correlations among predicted health costs 
and health disorders, persistency, postpartum length, and mature-equiva­
lent milk production will be discussed. 
Postpartum Distribution of Health Categories 
Least-squares means, standard errors of the mean, and percent of 
totals for cost and disorders of each of the health categories for Model 
1 are in Tables 15 and 16. Mammary and reproduction were the most 
frequent and most expensive health categories. Thirty-four percent of 
total health cost was mammary cost at $1.74 per 30-day interval that a 
cow was in the herd. Reproductive cost, separate from insemination cost, 
was 21% of total health cost at $1.06 per 30-day interval that a cow was 
in the herd. Insemination cost was 19% of total health cost for an 
average 30-day interval. If the category of inseminations was not in­
cluded in total health cost or total health disorders, $4.14 was the 
per cow health cost of an average 30-day interval with 1.16 health 
disorders per 30-day interval. 
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Table 15. Least-squares means and standard errors of the means of 30-day 
postpartum intervals for categories of health cost and percent 
of total health cost for Model 1® 
Health category L.S. mean,$ S.E. of mean Percent of total 
health cost 
Mammary 1.74 .12 34 
Reproductive 1.06 .07 21 
Inseminations .95 .05 19 
Locomotive .32 .03 6 
Digestive .14 .03 3 
Respiratory .10 .02 2 
Other .76 .05 15 
Total 5.09 .16 100 
^See Methods for description of Model 1. 
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Table 16. Least-squares means and standard errors of the means of 30-day 
postpartum Intervals for categories of health disorders and 
percent of total health disorders for Model 1* 
Health category L.S. mean S.E. of mean Percent of total 
health disorders 
Mammary .50 .03 38 
Reproductive .34 .01 26 
Inseminations .14 .01 11 
Locomotive .08 .01 6 
Digestive .08 .01 6 
Respiratory .008 .003 1 
Other .15 .01 12 
Total 1.30 .05 100 
*See Methods for description of Model 1. 
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Least-squares means of total health cost minus insemination cost 
by stage of lactation and accumulated by stage of lactation are in 
Table 17. The first 30 days after calving incurred the most health 
cost of $12.33. Initiation of lactation was associated with the largest 
health cost. Approximately one-fifth of the health cost for a lactation 
occurred during the first 30 days postpartum. Health cost per 30-day 
interval declined to $2.13 as the least health cost of a 30-day Interval 
between 390 to 419 days postpartum. Accumulating health cost by stage 
of lactation allowed estimation of health cost for different postpartum 
lengths. Approximately $40 was the estimated health cost of 
180 to 209 days postpartum lengths. Health cost of $57.36 was estimated 
for postpartum lengths between 360 to 389 days. Total health cost. 
Including insemination cost, was $71.70 for postpartum lengths between 
360 to 389 days. Accumulating the least-squares mean from Table 15 and 
least-squares constant from Table 20 for each 30-day Interval up to 389 
days of insemination cost plus the $57.36 health cost of Table 17 
determined the $71.70 total health cost. In general, health cost 
increased with increasing postpartum length at a decreasing rate. 
Stage differences for mammary cost, mammary disorders, reproductive 
cost, reproductive disorders, insemination cost, inseminations, other 
health cost, other health disorders, total health cost, and total health 
disorders were significant (P<.01) with approximate conservative F-test 
of 1 and 400 degrees of freedom. Stage differences for digestive cost, 
digestive disorders, respiratory cost, and respiratory disorders were 
significant (P<.05). With the conservative F-test stage differences 
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Table 17. Least-squares means of total health cost minus Insemination 
cost by stage of lactation and accumulated by stage of 
lactation 
Stage of lactation L.S. mean health Cumulative health 
days postpartum cost,$ cost,$ 
0 to 29 12.33 12.33 
30 to 59 6.04 18.37 
60 to 89 4.60 22.97 
90 to 119 4.46 27.43 
120 to 149 4.30 31.73 
150 to 179 4.14 35.87 
180 to 209 3.96 39.83 
210 to 239 3.55 43.38 
240 to 269 3.22 46.60 
270 to 299 3.02 49.62 
300 to 329 2.89 52.51 
330 to 359 2.46 54.97 
360 to 389 2.39 57.36 
390 to 419 2.13 59.49 
420 to 449 2.61 62.10 
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for locomotive costs and locomotive disorders were not significant 
(P>.05). Standard errors of the constants in Tables 18 to 25 were not 
conservative but assumed that all stages were independent. Significant 
results of Tables 18 to 25 were overestimated from the standard errors. 
Adjusted significant levels have been reported in this paragraph. 
Tables 18 to 25 contain least-squares constants and standard errors 
of the constants for categories of health cost and health disorders in 
the order listed in Table 15. 
Mammary costs were $3.11 above the average and peaked at $4.85 
during the first 30-day interval. Reproductive costs were $2.98 above 
the average and peaked at $4.04 during the first 30-day interval. 
Categories of mammary and reproductive cost represented 71% of the total 
health cost in the first 30 days postpartum. The postpartum distri­
bution of mammary cost and mammary disorders peaked during the first 30 
days postpartum and was steady to slightly declining during the remainder 
of the lactation. Reproductive disorders during the first 30 days post­
partum were more expensive than reproductive disorders between 30 to 59 
days postpartum. A substantial decline of reproductive cost and repro­
ductive disorders occurred 60 to 89 days postpartum followed by a slight 
increase of reproductive cost and reproductive disorders during the 
fourth and fifth 30-day intervals. Insemination cost and inseminations 
in Table 20 were highest 60 to 89 days postpartum. The least-squares 
mean and least-squares constants defined an average insemination cost of 
$4.68 for an average .75 inseminations during the interval 60 to 89 days 
postpartum. The slight curvature of the postpartum distribution of 
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Table 18. Least-squares constants and standard errors of the constants 
for postpartum distribution of mammary cost and mammary 
disorders 
Stage of lactation Mammary côst.ç Mammary disorders 
days postpartum L.S. constant S.E. L.S. constant S.E. 
0 to 29 311 20 .79 .06 
30 to 59 74 20 .17 .06 
60 to 89 48 20 .15 .06 
90 to 119 37 21 .05 .06 
120 to 149 2 21 .05 .06 
150 to 179 4 21 .05 .06 
180 to 209 6 21 .02 .06 
210 to 239 -23 22 -.05 .06 
240 to 269 -44 22 -.10 .07 
270 to 299 -45 22 —. 06 .07 
300 to 329 —48 23 -.12 .07 
330 to 359 -77 23 -.24 .07 
360 to 389 -71 28 -.19 .08 
390 to 419 -89 36 -.23 .11 
> 420 —86 31 -.31 .09 
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Table 19. Least-squares constants and standard errors of the constants 
for postpartum distribution of reproductive cost and re­
productive disorders 
Stage of lactation 
days postpartum 
Reproductive cost,0 Reproductive disorders 
L.S. constants 1 SvE./ L.S. constants S.E. 
0 to 29 298 11 .65 o
 
to
 
30 to 59 83 11 .50 .02 
60 to 89 3 12 
00 o
 .02 
90 to 119 10 12 .13 .02 
120 to 149 26 12 .21 
CM O
 
150 to 179 1 12 .07 .02 
180 to 209 -6 12 .02 .02 
210 to 239 -24 12 1 o
 
.03 
240 to 269 -32 12 -.09 .03 
270 to 299 -52 13 — .20 .03 
300 to 329 -54 13 -.23 o
 
w
 
330 to 359 -65 13 -.26 .03 
360 to 389 —66 16 -.27 .03 
390 to 419 -69 20 -.28 .04 
> 420 -53 18 -.26 .04 
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Table 20. Least-squares constants and standard errors of the constants 
for postpartum distribution of insemination cost and 
Inseminations 
Stage of lactation 
days postpartum 
Insemination cost, 0 ..Inseminations 
L.S. constants S.E. L.S. constants S.E. 
0 to 29 —81 9 -.13 .01 
30 to 59 -38 9 -.06 .01 
60 to 89 373 9 .61 .01 
90 to 119 201 9 .33 .01 
120 to 149 84 9 .14 .01 
150 to 179 50 10 .07 .01 
180 to 209 22 10 .02 .01 
210 to 239 -22 ' 10 -.05 .01 
240 to 269 -62 10 -.10 .01 
270 to 299 —66 10 -.11 .01 
300 to 329 -79 10 -.13 .01 
330 to 259 -87 11 -.14 .01 
360 to 389 -95 13 -.15 .02 
390 to 419 -101 16 -.16 .02 
> 420 -99 14 -.15 O
 
ro
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Table 21. Least-squares constants and standard errors of the constants 
for postpartum distribution of locomotive cost and locomotive 
disorders 
Stage of lactation Locomotive cost,* Locomotive disorders 
days postpartum L.S. constants S.E. L.S. constants S.E. 
0 to 29 16 6 .05 .02 
30 to 59 4 6 .02 .02 
60 to 89 -1 6 0 .02 
90 to 119 -7 6 -.01 .02 
120 to 149 -2 6 -.03 .02 
150 to 179 3 6 -.01 .02 
180 to 209 -1 6 -.01 .02 
210 to 239 11 6 .06 .02 
240 to 269 1 6 -.01 .02 
270 to 299 -7 6 -.02 .02 
300 to 329 -1 7 -.01 .02 
330 to 359 -6 7 -.02 .02 
360 to 389 —8 8 -.03 .03 
390 to 419 -13 10 -.04 .03 
> 420 11 9 .04 .03 
Table 22. Least-squares constants and standard errors of the constants 
for postpartum distribution of digestive cost and digestive 
disorders 
Stage of lactation 
days postpartum 
Digestive costs,0 Digestive disorders 
L.S. constants S.E. L.S. constants S.E. 
0 to 29 27 5 .11 .02 
30 to 59 19 5 .09 .02 
60 to 89 -2 5 .01 .02 
90 to 119 5 5 .03 .02 
120 to 149 3 5 .01 .02 
150 to 179 5 5 .01 .02 
180 to 209 -3 5 0 .02 
210 to 239 -4 5 0 .02 
240 to 269 -5 6 —. 02 .02 
270 to 299 -2 6 -.01 .02 
300 to 329 -4 6 -.02 .02 
330 to 359 -9 6 -.05 .02 
360 to 389 -9 7 -.04 .03 
390 to 419 —6 9 -.04 .04 
> 420 -12 8 -.07 .03 
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Table 23. Least-squares constants and standard errors of the constants 
for postpartum distribution of respiratory cost and respiratory 
disorders 
Stage of lactation 
day postpartum 
Respiratory cost,* Respiratory disorders 
L.S. constants S.E. L.S. constants S.E. 
0 to 29 24 4 .04 .006 
30 to 59 1 4 .01 .006 
60 to 89 7 4 .01 .006 
90 to 119 -2 4 0 .006 
120 to 149 -3 4 0 .006 
150 to 179 3 4 0 .006 
180 to 209 0 4 0 .006 
210 to 239 -4 4 -.01 .006 
240 to 269 -2 4 -.01 .006 
270 to 299 -3 4 -.01 .006 
300 to 329 -5 5 -.01 .007 
330 to 359 -2 5 -.01 .007 
360 to 389 -4 6 -.01 .008 
390 to 419 -5 7 -.01 .010 
> 420 -6 6 -.01 .009 
64 
Table 24. Least-squares constants and standard errors of the constants 
for postpartum distribution of other health cost and other 
health disorders 
Stage of lactation 
days postpartum 
Other health costjC Other health disorders 
L.S. constants S.E. L.S. constants S.E. 
0 to 29 139 9 .25 .02 
30 to 59 10 9 .07 .02 
60 to 89 -5 10 0 .02 
90 to 119 -6 10 0 .02 
120 to 149 -13 10 -.02 .02 
150 to 179 -15 10 1 o
 
w
 
.02 
180 to 209 -14 10 0 .02 
210 to 239 -14 10 -.02 .02 
240 to 269 -13 10 -.02 .02 
270 to 299 -14 11 — .02 .02 
300 to 329 -14 11 1 o
 CM O
 
330 to 359 —8 11 -.05 .02 
360 to 389 -14 13 -.04 .03 
390 to 419 -16 17 -.05 .04 
> 420 -3 15 -.04 .03 
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Table 25. Least-squares constants and standard errors of the constants 
for postpartum distribution of total health cost and total 
health disorders 
Stage of lactation 
day postpartum 
Total health cost,C Total health disorders 
L.S. constants S.E. L.S. constants S.E. 
0 to 29 738 28 1.78 .08 
30 to 59 152 29 .77 .08 
60 to 89 419 29 .84 .08 
90 to 119 233 29 .51 .08 
120 to 149 100 30 .40 .08 
150 to 179 50 30 .16 .08 
180 to 209 4 30 .05 .08 
210 to 239 -81 31 -.13 .08 
240 to 269 -154 31 -.33 .09 
270 to 299 -178 32 -.34 .09 
300 to 329 -204 32 -.56 .09 
330 to 359 -255 33 -.77 .09 
360 to 389 -270 39 -.74 .11 
390 to 419 -302 51 -.82 .14 
> 420 -252 44 -.83 .12 
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reproductive cost and reproductive disorders coinciding with the peak 
Insemination period suggests two causes of reproductive disorders. The 
first reproductive concern was at calving and immediately following. 
Care was needed for cows to calve without difficulty, clean, and involute 
satisfactorily. The second reproductive concern was that cows were open 
following the peak period of insemination. Open cows required additional 
diagnosis if the cows were to successfully remain in the herd. Stage of 
lactation effects were not significant (P>.05) for locomotive cost and 
locomotive disorders enabling random chance to account for the greater 
costs and disorders at the beginning, middle, and end of the lactation. 
Costs and disorders were largest at the initiation of lactation for 
categories of digestion, respiration, and other. Least-squares constants 
for total health cost in Table 25 minus the least-squares constants for 
insemination cost in Table 20 plus $4.14 per 30-day interval estimated 
the health costs of Table 17. Summing least-squares constants of Tables 
18 to 24 obtained the same estimates, with rounding error, of least squares 
constants, of total health cost and total health disorders as in Table 
25. The postpartum distribution of total health disorders was similar 
to the postpartum distribution of total health cost. 
In summary, the largest health costs and most disorders, specific­
ally mammary, reproductive, digestive, respiratory, and other, were 
associated with the initiation of lactation rather than the period of 
peak daily milk yield. Mammary and reproductive costs were 71% of total 
health cost in the first 30 days postpartum. Mammary and reproductive 
costs were 55% of the total health cost in an average 30-day Interval. 
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Insemination cost was 50% of the total health cost between 60 to 89 days 
postpartum. Parturition and extended days open corresponded to increases 
of reproductive cost. In general, the postpartum distributions of health 
cost and health disorders were similar. 
Differences between least-squares means of 30-day postpartum 
intervals for lactations in Table 26 were significant (P<.01) for total 
health cost, total health disorders, mammary cost, mammary disorders, 
reproductive cost, locomotive cost, respiratory cost, other health cost, 
and other health disorders. Health cost and health disorders tended to 
increase with increasing lactation for categories of total, mammary, and 
other. Reproductive cost and locomotive cost increased with each lacta­
tion. Cows in second lactations had the least respiratory cost and cows 
in third lactations had the most respiratory cost. 
Tables 27 to 42 contain least-squares constants and median standard 
errors for postpartum distributions of health cost and health disorders 
for categories of total, mammary, reproductive, inseminations, locomotive, 
digestive, respiratory, and other by lactation. Median standard errors 
of Tables 27 to 42 were defined as the standard error of the stage of 
lactation 210 to 239 days postpartum for each lactation. Only total 
health cost, reproductive cost, and other health cost had significant 
(P<.01) interaction between stage of lactation and lactation. Fluctua­
tions of total health cost. Table 27, between 30-day intervals within 
lactation tended to increase with increasing lactation. Reproductive 
disorders. Table 32, were most frequent during the first 30-days of the 
first lactation. Stage differences of reproductive disorders in each 
Table 26. Least-squares means and standard errors of the means of 30-day postpartum intervals for 
health categories by lactation. Model 2^ 
Lactation 1 Lactation 2 Lactation 3 Lactation >. 4 
Health category 
X + S.E. X + S.E. X + S.E. X + S.E. 
Total health cost, ç 312 13 347 16 431 20 555 26 
Total health disorders .95 .04 1.06 .04 1.25 . 06 1.38 .07 
Mammary cost, ç 87 9 134 11 166 14 .226 19 
Mammary disorders .25 .03 .43 .03 .56 .04 .59 .06 
Reproductive cost, C 79 5 79 6 91 8 105 10 
Reproductive disorders .32 .01 .31 .01 .29 .02 .34 .02 
Insemination cost, f 89 4 82 5 85 6 89 8 
Inseminations .14 .01 .14 .01 .13 .01 .14 .01 
Locomotive cost, <? 16 3 18 3 24 4 35 5 
Locomotive disorders .06 .01 .06 .01 .07 .01 .09 .02 
Digestive cost, * 12 2 14 3 16 4 15 5 
Digestive disorders .06 .01 .07 .01 .09 .01 .07 .02 
Respiratory cost, ç 5 2 2 2 10 3 8 4 
Respiratory disorders .01 0 0 0 .01 0 .01 .01 
Other health cost, <? 21 4 18 5 37 7 75 9 
Other health disorders .09 .01 .06 .01 .09 .01 .13 .02 
*See Methods for description of Model 2. 
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Table 27. Least-squares constants and median standard errors for post­
partum distribution of total health cost by lactation 
Stage of lactation Total health cost, <? 
days postpartum Lactation Lactation Lactation Lactation 
12 3 4 
0 to 29 631 499 922 1356 
30 to 59 121 179 287 92 
60 to 89 406 518 341 403 
90 to 119 196 289 184 347 
120 to 149 92 165 73 57 
150 to 179 4 75 141 53 
180 to 209 7 28 -2 -31 
210 to 239 -61 -53 -104 -188 
240 to 269 -136 -147 -162 -240 
270 to 299 -161 -172 -168 -298 
300 to 329 -191 -182 -235 -296 
330 to 359 -230 -259 -321 -287 
360 to 389 -229 -297 -355 -269 
390 to 419 -264 -317 -285 -466 
> 420 -185 -326 -316 -234 
Median standard error 41 51 65 83 
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Table 28. Least-squares constants and median standard errors for post­
partum distribution of total health disorders by lactation 
Total health disorders 
Lactation Lactation Lactation Lactation 
1 2 3 >4 
0 to 29 2.28 1.12 1.72 1.77 
30 to 59 .75 .76 .93 .62 
60 to 89 . 66 1.25 .60 .74 
90 to 119 .34 .74 .36 .67 
120 to 149 .31 .62 .26 .32 
150 to 179 0 .29 .32 .20 
180 to 209 -.01 -.02 .28 .05 
210 to 239 -.10 .02 -.42 -.17 
240 to 269 -.39 -.24 -.30 -.32 
270 to 299 -.32 -.45 —. 13 -.47 
300 to 329 -.58 -.55 -.49 -.59 
330 to 359 -.74 -.79 —. 86 -.63 
360 to 389 - .64 -.82 —. 81 -.76 
390 to 419 -.85 -.95 -.50 -.80 
> 420 -.73 -.96 -.96 -.65 
Median standard error .11 .14 . .18 .23 
Stage of lactation 
days postpartum 
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Table 29. Least-squares constants and median standard errors for post­
partum distribution of mammary cost by lactation 
Stage of lactation 
days postpartum 
Lactation 
1 
Mammary cost,f 
Lactation Lactation 
2 3 
Lactation 
>4 
0 to 29 295 274 373 384 
30 to 59 56 89 154 29 
60 to 89 15 116 -14 96 
90 to 119 -12 65 21 178 
120 to 149 -8 34 7 -28 
150 to 179 -29 7 62 48 
180 to 209 9 26 -17 -5 
210 to 239 -27 -16 -1 -63 
240 to 269 -17 -63 -56 -89 
270 to 299 -46 -38 -18 -112 
300 to 329 -43 -39 -49 -101 
330 to 359 -48 -91 -113 -131 
360 to 389 -41 -109 -126 -11 
390 to 419 -61 -110 —86 -173 
> 420 -44 -144 -137 -22 
Median standard error 29 36 46 59 
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Table 30. Least-squares constants and median standard errors for post­
partum distribution of mammary disorders by lactation 
Lactation 
> 4 
0 to 29 1.00 .54 .75 .74 
30 to 59 .13 .19 .29 .11 
60 to 89 0 .48 -.02 .05 
90 to 119 -.09 .25 -.05 .15 
120 to 149 0 .12 -.02 .13 
150 to 179 -.06 .15 .16 .06 
180 to 209 .01 -.02 .14 -.02 
210 to 239 -.02 .01 -.23 -.01 
240 to 269 -.09 -.10 -.11 -.03 
270 to 299 -.10 -.08 .18 -.22 
300 to 329 -.12 -.14 -.02 -.20 
330 to 359 -.16 -.32 -.32 -.22 
360 to 389 -.05 — .31 -.29 -.24 
390 to 419 -.21 -.37 -.02 -.18 
> 420 -.24 -.39 -.43 -.11 
Median standard error .09 .11 .14 18 
Stage of lactation disorders 
day postpartum Lactation Lactation Lactation 
12 3 
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Table 31. Least-squares constants and median standard errors for post­
partum distribution of reproductive cost by lactation 
Reproductive cost,f 
Lactation Lactation Lactation 
2 3 >4 
0 to 29 317 191 313 481 
30 to 59 68 109 95 95 
60 to 89 -7 17 -1 40 
90 to 119 7 15 5 40 
120 to 149 19 48 13 38 
150 to 179 -3 10 4 3 
180 to 209 —8 -8 15 -11 
210 to 239 -27 -11 -20 -55 
240 to 269 -34 -18 -37 -45 
270 to 299 -55 -42 -52 -73 
300 to 329 -56 -51 -58 -49 
330 to 359 —60 -55 -77 -114 
360 to 389 -58 -63 -82 -105 
390 to 419 —60 —68 -79 -126 
> 420 -44 -73 -39 -119 
Median standard error 16 20 26 33 
Stage of lactation 
Lad 
1 
days postpartum Lactation 
74-75 
Table 32. Least-squares constants and median standard errors for post­
partum distribution of reproductive disorders by lactation 
stage of lactation Reproductive disorders 
days postpartum Lactation Lactation Lactation Lactation 
1 2 3 >4 
0 to 29 1.02 .37 .44 .47 
30 to 59 .44 .57 .50 .50 
60 to 89 .05 .08 .04 .22 
90 to 119 .11 .14 .10 .25 
120 to 149 .16 .31 .21 .19 
150 to 179 .04 .09 .07 .12 
180 to 209 -.02 .01 .07 .10 
210 to 239 -.11 -.02 -.05 -.08 
240 to 269 -.12 -.05 -.08 -.11 
270 to 299 -.23 -.19 -.14 -.16 
300 to 329 -.26 -.22 -.21 -.20 
330 to 359 -.27 -.24 -.25 -.33 
360 to 389 — .26 -.27 -.25 -.30 
390 to 419 -.29 -.28 -.21 -.34 
> 420 —. 26 -.29 -.24 -.34 
Median standard error .03 .04 .05 .07 
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Table 33. Least-squares constants and median standard errors for post­
partum distribution of insemination cost by lactation 
Insemination cost,C 
Lactation Lactation Lactation 
2 3 >4 
0 to 29 -87 -81 -76 -73 
30 to 59 -43 -44 -8 -51 
60 to 89 401 376 360 296 
90 to 119 204 200 183 210 
120 to 149 78 84 63 125 
150 to 179 46 55 57 43 
180 to 209 15 34 10 34 
210 to 239 -16 -27 -33 -17 
240 to 269 -63 -56 -62 -71 
270 to 299 -67 -66 -69 —64 
300 to 329 -79 -81 -74 -81 
330 to 359 -91 —88 -76 -82 
360 to 389 -99 -95 -85 -89 
390 to 419 -104 -103 -93 -93 
> 420 -95 -109 -97 —88 
Median standard error 13 16 21 27 
Stage of lactation 
days postpartum Lactation 
1 
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Table 34. Least-squares constants and median standard errors for post­
partum distribution of inseminations by lactation 
Inseminations 
Lactation Lactation Lactation 
2 3 24 
0 to 29 -.14 -.14 -.12 —. 12 
30 to 59 -.07 -.07 -.01 -.07 
60 to 89 .66 .62 .60 .47 
90 to 119 .33 .33 .30 .36 
120 to 149 .13 .16 .09 .17 
150 to 179 .06 .07 .09 .04 
180 to 209 .02 .03 0 .04 
210 to 239 -.04 -.06 -.05 -.05 
240 to 269 -.10 -.10 -.11 -.10 
270 to 299 -.11 -.11 -.12 -.09 
300 to 329 -.13 -.13 -.12 -.13 
330 to 359 -.15 -.14 -.13 -.13 
360 to 389 — .16 -.15 -.14 -.13 
390 to 419 -.16 -.16 -.15 -.14 
> 420 -.15 — .16 -.14 -.13 
Median standard error .02 .02 .03 .04 
Stage of lactation 
days postpartum 
Lactation 
1 
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Table 35. Least-squares constants and median standard errors for post­
partum distribution of locomotive cost by lactation 
Locomotive cost,C 
Lactation Lactation Lactation 
2 3 H 
0 to 29 19 10 39 -12 
30 to 59 -1 4 28 -14 
60 to 89 -5 6 -10 -1 
90 to 119 —6 -7 -10 -16 
120 to 149 1 -1 4 -30 
150 to 179 -5 -3 26 7 
180 to 209 -4 -8 1 18 
210 to 239 18 13 -11 15 
240 to 269 -10 -1 28 11 
270 to 299 —6 -14 -11 15 
300 to 329 0 -3 -10 14 
330 to 359 -9 —6 -14 25 
360 to 389 -7 -6 -20 8 
390 to 419 -11 -1 -21 -30 
> 420 26 17 -19 -11 
Median standard error 8 10 13 17 
Stage of lactation 
days postpartum 
Lactation 
1 
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Table 36. Least-squares constants and median standard errors for post­
partum distribution of locomotive disorders by lactation 
Locomotive disorders 
Lactation Lactation Lactation 
2 3 >4 
0 to 29 .07 .01 .18 -.03 
30 to 59 .04 .02 .01 
CM O
 1 
60 to 89 -.02 .06 -.04 .02 
90 to 119 -.01 -.02 0 -.02 
120 to 149 -.03 -.01 -.01 — .06 
150 to 179 -.02 -.01 .04 
I—i 0
 1 
180 to 209 -.03 1 b
 
H
 
-.01 .03 
210 to 239 .07 .09 -.01 .02 
240 to 269 -.04 0 .06 0 
270 to 299 -.02 -.05 -.03 .01 
300 to 329 -.01 -.01 -.02 .05 
330 to 359 -.03 -.03 -.03 .09 
360 to 389 -.03 — .02 -.04 0 
390 to 419 -.05 -.01 -.05 -.06 
> 420 .12 -.01 -.05 -.03 
Median standard error .03 .03 .04 .06 
Stage of lactation 
days postpartum Lactation 
1 
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Table 37. Least-squares constants and median standard errors for post­
partum distribution of digestive cost by lactation 
Digestive cost,* 
Lactation Lactation Lactation 
2 3 >4 
0 to 29 16 18 56 36 
30 to 59 34 10 13 -2 
60 to 89 -5 2 -1 -5 
90 to 119 6 10 1 -7 
120 to 149 -3 10 -11 20 
150 to 179 0 13 1 5 
180 to 209 2 -10 -2 -9 
210 to 239 0 -7 -6 -11 
240 to 269 -6 -1 -12 -4 
270 to 299 -1 -2 -2 -12 
300 to 329 -5 3 -10 -10 
330 to 359 -9 -11 -3 -10 
360 to 389 -10 -10 -4 -12 
390 to 419 -8 -12 9 29 
> 420 -11 -12 -12 -9 
Median standard error 7 9 12 15 
Stage of lactation 
days postpartum lactation 
1 
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Table 38. Least-squares constants and median standard errors for post­
partum distribution of digestive disorders by lactation 
Digestive disorders 
Lactation Lactation Lactation Lactation 
1 2 3 >4 
0 to 29 .06 .08 .19 .17 
30 to 59 .14 .03 .09 0 
60 to 89 —. 02 .02 .03 .02 
90 to 119 .04 .04 .03 -.01 
120 to 149 -.01 .09 — .06 -.02 
150 to 179 0 0 -.01 .07 
180 to 209 .02 -.04 .03 -.01 
210 to 239 .02 -.02 -.02 -.03 
240 to 269 -.02 .01 -.07 — .02 
270 to 299 .01 -.01 -.01 -.04 
300 to 329 -.01 -.01 -.05 -.03 
330 to 359 -.05 — .06 -.04 -.03 
360 to 389 -.05 -.04 -.01 -.04 
390 to 419 -.04 -.06 -.04 .01 
> 420 -.08 -.05 -.07 -.03 
Median standard error .03 .04 .05 .06 
Stage of lactation 
days postpartum 
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Table 39. Least-squares constants and median standard errors for post­
partum distribution of respiratory cost by lactation 
Respiratory cost,C 
Lactation Lactation Lactation 
2 3 >4 
0 to 29 19 17 47 23 
30 to 59 3 3 -4 -8 
60 to 89 7 -2 26 0 
90 to 119 0 -2 —8 -7 
120 to 149 -4 -1 -5 -7 
150 to 179 5 0 9 -7 
180 to 209 -3 -1 1 5 
210 to 239 -4 -2 -8 —8 
240 to 269 -2 -2 -7 10 
270 to 299 -3 -2 —8 3 
300 to 329 -4 -2 -8 -7 
330 to 359 -4 -1 —8 20 
360 to 389 -3 -2 -9 -1 
390 to 419 -4 -2 —8 -7 
> 420 -3 -3 -10 —8 
Median standard error 6 7 9 12 
Stage of lactation 
Lad 
1 
days postpartum Lactation 
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Table 40. Least-squares constants and median standard errors for post­
partum distribution of respiratory disorders by lactation 
Stage of lactation 
days postpartum 
Lactation 
1 
Respiratory disorders 
Lactation 
2 
Lactation 
3 
Lactation 
>4 
0 to 29 .05 .02 .05 .02 
30 to 59 
I—
1 o
 0 0 -.01 
60 to 89 .02 0 .01 0 
90 to 119 .01 0 -.01 -.01 
120 to 149 -.01 0 0 -.01 
150 to 179 0 0 .01 -.01 
180 to 209 0 0 0 0 
210 to 239 -.01 0 -.01 -.01 
240 to 269 -.01 0 -.01 0 
270 to 299 -.01 0 -.01 0 
300 to 329 -.01 0 -.01 -.01 
330 to 359 -.01 0 -.01 .01 
360 to 389 -.01 0 -.01 .02 
390 to 419 -.01 0 -.01 -.01 
> 420 -.01 0 -.01 -.01 
Median standard error .01 .01 .01 .02 
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Table 41. Least-squares constants and median standard errors for post­
partum distribution of other health cost by lactation 
Other health cost,* 
Lactation Lactation Lactation Lactation 
1 2 3 >4 
0 to 29 57 64 153 516 
30 to 59 11 8 3 42 
60 to 89 6 4 -15 -24 
90 to 119 3 11 -4 -49 
120 to 149 -4 —8 5 -62 
150 to 179 —8 —8 -15 -45 
180 to 209 -5 -5 -14 -63 
210 to 239 -7 -4 -22 -49 
240 to 269 -5 —6 -21 -52 
270 to 299 -12 -7 —6 -55 
300 to 329 -6 —8 -23 —61 
330 to 359 -5 -8 -27 4 
360 to 389 -5 -10 -26 -59 
390 to 419 -11 -20 12 -65 
> 420 -7 -3 -1 22 
Median standard error 13 17 21 27 
Stage of lactation 
days postpartum 
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Table 42. Least-squares constants and median standard errors for post­
partum distribution of 6ther health disorders by lactation 
Stage of lactation Other health disorders 
days postpartum Lactation Lactation Lactation Lactation 
1 2 3 ^4 
0 to 29 .27 .17 .16 .52 
30 to 59 .09 
cn o
 .03 .13 
60 to 89 .02 .01 .01 -.04 
90 to 119 0 .02 0 -.06 
120 to 149 -.01 -.03 .06 -.09 
150 to 179 -.02 -.02 -.02 -.06 
180 to 209 .01 .01 .01 b
 
00
 
210 to 239 -.04 .02 -.03 
CM O
 1 
240 to 269 -.02 .01 -.02 -.07 
270 to 299 -.05 0 .01 .03 
300 to 329 
O
 1 -.02 I
 
b
 
-.07 
330 to 359 — .06 -.03 — .06 -.02 
360 to 389 -.04 -.02 -.05 1 b
 
390 to 419 -.06 
VO o
 
1 1 b
 
w
 00 o
 
1 
> 420 -.05 -.05 — .03 -.01 
Median standard error .03 .04 .05 .06 
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lactation were significant (P<.01) and largely linear. Variation associ­
ated with stage-of-lactation effects declined with increasing lactation 
for reproductive disorders. For other health cost. Table 41, variation 
associated with stage-of-lactation effects increased in later lactations. 
There were no significant (P>.05) differences of other health cost for 
stage-of-lactation effects in first and second lactation. Differences 
in later lactations were highly significant. Considering all traits, 
fitting stage of lactation within lactation was of limited value in 
evaluating categories of health cost and health disorders. 
Predictions of Health Categories 
The second segment of the Results and Discussion deals with the 
relation of length, days postpartum, and production level to the health 
categories. Additionally, least-squares constants of Model 3 will be 
predictors of health cost and health disorders. Level of significance 
of Model 3 for categories of health cost and health disorders are in 
Table 43. At least three health categories were significant for each 
effect in Model 3. Length was significant in the most categories. 
Production level was significant in the fewest categories. Level of 
significance of Model 4 for categories of health cost and health dis­
orders are in Table 44. Production level had more significant relations 
to health categories when terminal lactations were excluded in Model 4 
than in Model 3 with terminal lactations included. Multiple correlation 
coefficients and error standard deviations of Models 3 and 4 for categories 
Table 43. Level of significance of Model 3 for categories of health cost and health disorders 
Level of significance 
Length Production Lactation. Culling Calving age/lactation Days 
level rate Linear Remainder dry 
Degrees of freedom 19 19 3 1 1 3 1 
Health category 
Total health cost ** ** ** ** 
Total health disorders ** ** ** ** 
Mammary cost ** * * 
Mammary disorders * ** * ** 
Reproductive cost ** ** ** t ** * 
Reproductive disorders ** t ** ** ** 
Locomotive cost ** t 
Locomotive disorders * 
Digestive cost t ** ** ** 
Digestive disorders * 
Respiratory cost t 
Respiratory disorders 
Other health cost * 
Other health disorders * 
Insemination cost ** ** ** * 
Inseminations ** t ** * 
t P<.1; * P <.05; **P<.01. 
Table 44. Level of significance of Model 4 for categories of health cost and health disorders 
Level of significance 
Length Production Lactation Calving age/lactation Days 
level Linear Remainder dry 
Degrees of freedom 15 19 3 1 3 1 
Health category 
Total health cost ** * ** ** ** 
Total health disorders ** * t * 
Mammary cost t t 
Mammary disorders * t * 
Reproductive cost ** t * 
Reproductive disorders •k* t * t ** 
Locomotive cost ** * * 
Locomotive disorders ** * 
Digestive cost * ** ** ** ** 
Digestive disorders ** 
Respiratory cost 
Respiratory disorders t * t 
Other health cost * ** 
Other health disorders * * 
Insemination cost ** ** * 
Inseminations ** 
t P<.1; * P <.05; **P<.01. 
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of health cost and health disorders are in Table 45. Model 3 accounted 
for 26% of the variation in total health cost. Model 4 accounted for 
29% of the variation in total health cost. Multiple correlation co­
efficients were larger for Model 4 than for Model 3 for all health 
categories except reproductive disorders and insemination cost. Error 
standard deviations were larger for Model 3 than for Model 4 for all 
health categories. Terminal lactations, included in data of Model 3, 
contributed more variance than was accounted for with the binomial 
variable of culling rate. Table 46 contains least-squares means and 
standard errors of the means of Models 3 and 4 for categories of health 
cost and health disorders. Only small differences existed between the 
least-squares means of Models 3 and 4. The negative least-squares means 
for digestive cost resulted because two cows for Model 4 and three cows 
for Model 3 had digestive costs of $91.42 to $160.65 which were highly 
unusual. The negative least-squares means emphasized that more observa­
tions or improved methods are necessary to evaluate health categories with 
low incidences and aberrant severities. 
Tables 47 to 65 contain least-squares constants and linear regression 
coefficients for Model 3. Table 66 to 84 contain least-squares constants 
and linear regression coefficients for Model 4. The first eight tables 
within each model are least-squares constants for total health, mammary, 
reproduction, locomotion, digestion, respiration, other health, and 
insemination by length. The second eight tables within each model are 
least-squares constants for health categories by production level. The 
2 
Table 45. Multiple correlation coefficients, R , and error standard deviations of Models 3 and 4 for 
categories of health cost and health disorders 
Model 3 
Error standard 
deviation 
Model 4 
Error standard 
deviation 
Degrees of freedom 1929 1350 
Health category 
Total health cost,f 2464 .265 1992 .292 
Total health disorders 8.75 .179 7.69 .197 
Mammary cost,f 1985 .140 1587 .169 
Mammary disorders 7.93 .120 6.98 .123 
Reproductive cost,C 1021 .276 781 .336 
Reproductive disorders 2.05 .394 1.80 .387 
Locomotive cost,* 678 .136 516 .274 
Locomotive disorders 1.81 .063 1.39 .122 
Digestive cost,* 594 .086 543 .160 
Digestive disorders 1.78 .163 1.71 .180 
Respiratory cost,* 320 .076 279 .099 
Respiratory disorders .474 .082 .410 .124 
Other health cost,* 760 .083 491 .119 
Other health disorders 1.85 .168 1.23 .331 
Insemination cost,* 944 .468 789 .464 
Inseminations 1.26 .562 .935 .633 
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Table 46. Least-squares means and standard errors of the means of 
Models 3 and 4 for categories of health cost and health dis­
orders 
Health Category 
L.S. 
Model 
mean 
3 
S.E. L.S. 
Model 
mean 
4 
S.E. 
Total health cost,$ 36, .79 2.29 31. ,63 2.34 
Total health disorders 13, .18 .81 12, .84 .90 
Mammary cost,$ 17, .80 1.85 15. 30 1.86 
Mammary disorders 5, .68 .74 5. 12 .82 
Reproductive cost,$ 11, .75 .95 10. 14 .92 
Reproductive disorders 4, .95 .19 4, .78 .21 
Locomotive cost,$ 3, .74 .63 4. 53 .61 
Locomotive disorders .77 .17 .95 .16 
Digestive cost,$ .40 .55 -2. 42 .64 
Digestive disorders .49 .17 .49 .20 
Respiratory cost,$ .51 .30 ,63 .33 
Respiratory disorders ,13 .04 ,14 .05 
Other health cost,$ 3. 38 .71 3. ,44 .58 
Other health disorders 1, .15 .17 1. 36 .14 
Insemination cost,$ 17, .27 .88 17. ,11 .93 
Inseminations 2. 77 .12 2. ,73 .11 
^Total health cost does not include insemination cost. Total health 
disorders do not include inseminations. See Methods for description of 
Models 3 and 4. 
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Table 47. Least-squares constants and standard errors of the constants 
for total health cost and total health disorders by length. 
Model 3® . 
Length Total health cost,<? Total health disorders 
days postpartum L.S. constants S.E. L.S. constants S.E. 
< 50 -1723 373 -7.90 1.32 
50 to 99 -439 372 -2.79 1.32 
100 to 149 -750 370 -2.74 1.31 
150 to 199 148 357 .88 1.27 
200 to 249 -712 339 -1.68 1.20 
250 to 299 -77 291 .06 1.03 
300 to 344 -176 162 1 w
 
o
 
.58 
345 to 359 -272 171 -.53 .61 
360 to 369 -127 205 -1.02 .73 
370 to 379 -408 218 -1.14 .77 
380 to 389 -441 254 -.39 .90 
390 to 399 -9 279 1.02 .99 
400 to 409 -17 290 -.10 1.03 
410 to 419 46 331 -.27 1.18 
420 to 429 403 303 .75 1.08 
430 to 449 566 287 2.46 1.02 
450 to 469 525 287 1.74 1.02 
470 to 499 1187 312 5.14 1.11 
500 to 549 864 349 3.27 1.24 
> 550 1412 441 3.55 1.57 
Total health cost does not include Insemination cost. Total health 
disorders do not include inseminations. See Methods for a description of 
Model 3. 
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Table 48. Least-squares constants and standard errors of the constants 
for mammary cost and mammary disorders by length. Model 3 
Length Mammary cost,* Mammary disorders 
days postpartum L.S. constants S.E. L.S. constants S.E. 
< 50 -433 300 -1.22 1.20 
50 to 99 469 300 1.84 1.20 
100 to 149 267 298 -.05 1.19 
150 to 199 1074 288 3.60 1.15 
200 to 249 -531 273 -.92 1.09 
250 to 299 156 235 .80 .94 
300 to 344 76 131 .34 .52 
345 to 359 -10 138 .26 .55 
360 to 369 -108 166 -.69 .66 
370 to 379 -287 176 -1.02 .70 
380 to 389 -364 205 -.77 .82 
390 to 399 1 225 .30 .90 
400 to 409 —81 234 -.70 .93 
410 to 419 -314 267 -1.69 1.07 
420 to 429 -182 244 -1.04 .98 
430 to 449 -10 231 .23 .92 
450 to 469 -119 231 -.82 .92 
470 to 499 7 252 1.87 1.01 
500 to 549 450 281 .56 1.12 
> 550 -63 355 -.87 1.42 
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Table 49. Least-squares constants and standard errors of the. constants 
for reproductive cost and reproductive disorders by length, 
Model 3. 
Length Reproductive cost,* Reproductive disorders 
days postpartum L.S. constants S.E. L.S. constants S.E. 
< 50 -927 154 -4.47 .31 
50 to 99 -791 154 -3.48 .31 
100 to 149 -855 153 -2.86 .31 
150 to 199 -617 148 -2.12 .30 
200 to 249 -325 140 -.85 .28 
250 to 299 -257 121 -.73 .24 
300 to 344 -176 67 -.43 .14 
345 to 359 -266 71 -.73 .14 
360 to 369 —84 85 -.16 .17 
370 to 379 —6 90 .17 .18 
380 to 389 -28 105 .39 .21 
390 to 399 -17 116 .41 .23 
400 to 409 161 120 .78 .24 
410 to 419 398 137 1.31 .28 
420 to 429 299 126 1.11 .25 
430 to 449 353 119 1.36 .24 
450 to 469 574 119 2.10 .24 
470 tp 499 812 129 2.64 .26 
500 to 549 409 144 2.04 .29 
> 550 1343 183 3.52 .37 
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Table 50. Least-squares constants and standard errors of the constants 
for locomotive cost and locomotive disorders by length, 
Model 3 
Locomotive cost,<? Locomotive disorders 
Length 
days postpartum L.S. constants S.E. L.S. constants S.E. 
< 50 -178 103 -.14 .27 
50 to 99 -233 102 — .48 .27 
100 to 149 -166 102 -.13 .27 
150 to 199 -199 98 -.42 .26 
200 to 249 286 93 .69 .25 
250 to 299 12 80 -.15 .21 
300 to 344 -34 45 -.15 .12 
345 to 359 2 47 — .08 .13 
360 to 369 117 57 .01 .15 
370 to 379 -19 60 -.10 .16 
380 to 389 -22 70 -.06 .19 
390 to 399 45 77 .30 .21 
400 to 409 -39 80 -.14 .21 
410 to 419 27 91 —. 08 .24 
420 to 429 132 83 .31 .22 
430 to 449 189 79 .57 .21 
450 to 469 122 79 .33 .21 
470 to 499 -16 86 -.04 .23 
500 to 549 -40 96 -.19 .26 
> 550 14 121 — .06 .32 
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Table 51. Least-squares constants and standard errors of the constants 
for digestive cost and digestive disorders by length. Model 3 
Length Digestive cost,C Digestive disorders 
days postpartum L.S. constants S.E. L.S. constants S.E. 
< 50 -18 90 -.71 .27 
50 to 99 175 90 -.36 .27 
100 to 149 160 89 .60 .27 
150 to 199 43 86 .33 .26 
200 to 249 —8 82 -.14 .24 
250 to 299 -2 70 .15 .21 
300 to 344 —8 39 .10 .12 
345 to 359 -10 41 .07 .12 
360 to 369 -43 50 -.05 .15 
370 to 379 -71 53 -.14 .16 
380 to 389 -40 61 -.03 .18 
390 to 399 -70 67 -.14 .20 
400 to 409 -57 70 -.13 .21 
410 to 419 -65 80 0 .24 
420 to 429 -8 73 .09 .22 
430 to 449 -34 69 .09 .21 
450 to 469 -67 69 -.14 .21 
470 to 499 278 75 .31 .23 
500 to 549 -42 84 .10 .25 
> 550 -115 106 .01 .32 
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Table 52. Least-squares constants and standard errors of the constants 
for respiratory cost and respiratory disorders by length. 
Model 3 
Length Respiratory cost,0 Respiratory disorders 
days postpartum L.S. constants S.E. L.S. constants S.E. 
< 50 -44 48 -.11 .07 
50 to 99 16 48 -.12 .07 
100 to 149 -52 48 -.10 .07 
150 to 199 -34 46 -.10 .07 
200 to 249 -39 44 -.09 .07 
250 to 299 96 38 .08 .06 
300 to 344 -12 21 -.01 .03 
345 to 359 -11 22 -.02 .03 
360 to 369 10 27 -.02 .04 
370 to 379 -3 28 .02 .04 
380 to 389 9 33 .11 .05 
390 to 399 16 36 .11 .05 
400 to 409 -27 38 -.05 .06 
410 to 419 -13 43 .04 .06 
420 to 429 -47 39 -.02 .06 
430 to 449 -9 37 0 .06 
450 to 469 69 37 .15 .06 
470 to 499 68 41 .07 .06 
500 to 549 -11 45 0 .07 
> 550 19 57 .07 .08 
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Table 53. Least-squares constants and standard errors of the constants 
for other health cost and other health disorders by length. 
Model 3 
Other health cost,* Other health disorders 
Length 
days postpartum L.S. constants S.E. L.S. constants S.E. 
< 50 -123 115 -1.25 .28 
50 to 99 -75 115 -.18 .28 
100 to 149 -105 114 — .21 .28 
150 to 199 -120 110 -.42 .27 
200 to 249 -95 105 -.37 .25 
250 to 299 -81 90 -.10 .22 
300 to 344 -22 50 -.15 .12 
345 to 359 23 53 -.04 .13 
360 to 369 -19 63 -.11 .15 
370 to 379 -23 67 -.06 .16 
380 to 389 4 78 -.02 .19 
390 to 399 16 86 .04 .21 
400 to 409 25 90 .14 .22 
410 to 419 12 102 .16 .25 
420 to 429 210 94 .29 .23 
430 to 449 76 88 .22 .22 
450 to 469 -54 89 .12 .22 
470 to 499 38 96 .29 .24 
500 to 549 98 108 .77 .26 
> 550 213 136 .88 .33 
99 
Table 54. Least-squares constants and standard errors of the constants 
for Insemination cost and inseminations by length, Model 3 
Length Insemination cost.C Inseminations 
days postpartum L.S. constants S.E. L.S. constants S.E. 
< 50 -2142 143 -3.60 .19 
50 to 99 -2156 142 -3.67 .19 
100 to 149 -1553 142 -2.94 .19 
150 to 199 -1363 137 -2.56 .18 
200 to 249 -1124 130 -1.80 .17 
250 to 299 -525 112 -.95 .15 
300 to 344 -285 62 -.52 .08 
345 to 359 -211 65 -.48 .09 
360 to 369 17 79 -.12 .11 
370 to 379 64 84 .05 .11 
380 to 389 232 97 .30 .13 
390 to 399 231 107 .51 .14 
400 to 409 425 111 .66 .15 
410 to 419 467 127 .88 .17 
420 to 429 869 116 1.36 .16 
430 to 449 834 110 1.55 .15 
450 to 469 1191 110 1.91 .15 
470 to 499 1256 120 2.26 .16 
500 to 549 1539 134 2.76 .18 
> 550 2235 169 4.39 .23 
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Table 55. Least-squares constants and standard errors of the constants 
for total health cost and total health disorders by production 
level. Model 3® 
Production level Total health cost,<? Total health disorders 
kg L.S. constants S.E. L.S. constants S.E. 
< 3000 301 316 .47 1.12 
3000 to 4499 -251 286 -.63 1.02 
4500 to 4999 42 277 .74 .98 
5000 to 5499 388 246 1.31 .87 
5500 to 5749 -131 276 -1.61 .98 
5750 to 5999 -224 257 -.69 .91 
6000 to 6249 -24 253 .35 .90 
6250 to 6499 -35 248 -.04 .88 
6500 to 6749 -546 216 -.44 .77 
6750 to 6999 -177 213 -.42 .76 
7000 to 7249 -56 222 -.08 .79 
7250 to 7499 -157 215 .01 .76 
7500 to 7749 -327 228 -1.16 .81 
7750 to 7999 -83 263 -.17 .93 
8000 to 8249 418 260 .38 .92 
8250 to 8499 321 252 1.34 .90 
8500 to 8749 149 266 -.24 .94 
8750 to 8999 53 334 .04 1.19 
9000 to 9499 257 259 .73 .92 
> 9500 83 305 .10 1.08 
^Total health cost does not include insemination cost. Total health 
disorders do not include inseminations. See Methods for description of 
Model 3. 
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Table 56. Least-squares constants and standard errors of the constants 
for mammary cost and mammary disorders by production level. 
Model 3 
Production level 
kg 
Mammary cost,f 
L.S. constants S.E. 
Mammary disorders 
L.S. constants S.E. 
< 3000 -222 255 -1.44 1.02 
3000 to 4499 -260 231 -.32 .92 
4500 to 4999 -53 223 .66 .89 
5000 to 5499 149 198 .95 .79 
5500 to 5749 —46 222 -.75 .89 
5750 to 5999 25 207 -.19 .83 
6000 to 6249 -40 204 .12 .81 
6250 to 6499 -12 199 .10 .80 
6500 to 6749 -261 174 .22 .70 
6750 to 6999 -4 172 0 .69 
7000 to 7249 70 179 .30 .72 
7250 to 7499 1 173 .55 .69 
7500 to 7749 -220 184 -.69 .74 
7750 to 7999 45 212 -.11 .85 
8000 to 8249 480 209 -.04 .84 
8250 to 8499 373 203 .63 .81 
8500 to 8749 188 214 -.17 .86 
8750 to 8999 -113 269 -.05 1.07 
9000 to 9499 -25 209 .23 .83 
> 9500 -74 246 -.01 .98 
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Table 57. Least-squares constants and standard errors of the constants 
for reproductive cost and reproductive disorders by production 
level. Model 3 
Production level Reproductive cost,* Reproductive disorders 
kg L.S. constants S.E. L.S. constants S.E. 
< 3000 123 131 -.11 .26 
3000 to 4499 -21 119 -.16 .24 
4500 to 4999 220 115 .33 .23 
5000 to 5499 274 102 .59 .20 
5500 to 5749 25 114 -.20 .23 
5750 to 5999 -89 106 -.15 .21 
6000 to 6249 -52 105 -.05 .21 
6250 to 6499 137 103 .23 .21 
6500 to 6749 -114 89 -.29 .18 
6750 to 6999 -27 88 — .06 .18 
7000 to 7249 -9 92 .02 .18 
7250 to 7499 —80 89 -.25 .18 
7500 to 7749 34 95 -.19 .19 
7750 to 7999 -151 109 -.24 .22 
8000 to 8249 -77 108 .17 .22 
8250 to 8249 -74 104 .10 .21 
8500 to 8749 -30 110 .07 .22 
8750 to 8999 -168 138 — .28 .28 
9000 to 9499 -4 107 .16 .22 
> 9500 84 127 .31 .25 
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Table 58. Least-squares constants and standard errors of the constants 
for locomotive cost and locomotive disorders by production 
level. Model 3 
Production level 
kg 
Locomotive cost,ç 
L.S. constants S.E. 
Locomotive disorders 
L.S. constants S.E. 
< 3000 -11 87 -.09 .23 
3000 to 4499 -123 79 -.29 .21 
4500 to 4999 -160 76 -.30 .20 
5000 to 5499 -74 68 -.10 .18 
5500 to 5749 -52 76 — .08 .20 
5750 to 5999 41 71 .14 .19 
6000 to 6249 70 70 .18 .19 
6250 to 6499 -63 68 -.10 .18 
6500 to 6749 -110 59 -.17 .16 
6750 to 6999 -61 59 -.17 .16 
7000 to 7249 -21 61 .02 .16 
7250 to 7499 -16 59 -.11 .16 
7500 to 7749 -52 63 -.24 .17 
7750 to 7999 5 72 -.10 .19 
8000 to 8249 83 71 .11 .19 
8250 to 8499 123 69 .53 .19 
8500 to 8749 57 73 -.03 .20 
8750 to 8999 141 92 .52 .25 
9000 to 9499 138 71 .37 .19 
> 9500 87 84 -.09 .22 
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Table 59. Least-squares constants and standard errors of the constants 
for digestive cost and digestive disorders by production 
level. Model 3 
Production level 
kg 
Digestive cost,C 
,L.S. constants S.E. 
Digestive disorders 
L.S. constants S.E. 
< 3000 150 76 1.11 .23 
3000 to 4499 89 69 -.10 .21 
4500 to 4999 -1 67 -.01 .20 
5000 to 5499 107 59 — .08 .18 
5500 to 5749 -75 67 -.29 .20 
5750 to 5999 -43 62 — .12 .19 
6000 to 6249 0 61 .03 .18 
6250 to 6499 -41 60 -.15 .18 
6500 to 6749 —18 52 -.11 .16 
6750 to 6999 -19 51 -.04 .15 
7000 to 7249 -41 54 -.20 .16 
7250 to 7499 21 52 .09 .16 
7500 to 7749 -14 55 -.02 .17 
7750 to 7999 -7 63 .15 .19 
8000 to 8249 —8 63 .14 .19 
8250 to 8499 -9 61 .04 .18 
8500 to 8749 -57 64 -.07 .19 
8750 to 8999 21 81 — .18 .24 
9000 to 9499 -5 63 — .13 .19 
> 9500 -51 74 -.05 .22 
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Table 60. Least-squares constants and standard errors of the constants 
for respiratory cost and respiratory disorders by production 
level. Model 3 
Production level Respiratory cost.f Respiratory disorders 
kg L.S. constants S.E. L.S. constants S.E. 
3000 13 41 .04 .06 
3000 to 4499 106 37 .20 .06 
4500 to 4999 -31 36 -.03 .05 
5000 to 5499 -27 32 -.05 .05 
5500 to 5749 -20 36 -.02 .05 
5750 to 5999 -29 33 — .03 .05 
6000 to 6249 -13 33 -.03 .05 
6250 to 6499 -28 32 0 .05 
6500 to 6749 2 28 -.02 .04 
6750 to 6999 -31 28 -.04 .04 
7000 to 7249 1 29 -.04 .04 
7250 to 7499 -8 28 - .06 .04 
7500 to 7749 -29 30 -.01 .04 
7750 to 7999 10 34 -.01 .05 
8000 to 8249 31 34 .02 .05 
8250 to 8499 -31 33 .05 .05 
8500 to 8749 19 35 .05 .05 
8750 to 8999 12 43 -.03 .06 
9000 to 9499 -11 34 -.04 .05 
> 9500 64 40 .04 .06 
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Table 61. Least-squares constants and standard errors of the constants 
for other health cost and other health disorders by 
production level. Model 3 
„ J . . - - Other health cost,C Other health disorders 
Production level 
kg L.S. constants S.E. L.S. constants S.E. 
< 3000 248 98 .95 .24 
3000 to 4499 -43 88 .04 .22 
4500 to 4999 68 85 .10 .21 
5000 to 5499 -41 76 0 .19 
5500 to 5749 37 85 -.27 .21 
5750 to 5999 -128 79 -.34 .19 
6000 to 6249 11 78 .10 .19 
6250 to 6499 -30 76 -.12 .19 
6500 to 6749 -45 67 -.08 .16 
6750 to 6999 -34 66 -.13 .16 
7000 to 7249 -57 69 — «18 .17 
7250 to 7499 -74 66 -.19 .16 
7500 to 7749 -45 70 0 .17 
7750 to 7999 15 81 .14 .20 
8000 to 8249 -91 80 -.03 .20 
8250 to 8499 -60 78 -.01 .19 
8500 to 8749 -28 82 — .09 .20 
8750 to 8999 160 103 .05 .25 
9000 to 9499 165 80 .14 .20 
> 9500 -27 94 -.10 .23 
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Table 62. Least-squares constants and standard errors of the constants 
for insemination cost and inseminations by production level. 
Model 3 
Production level Insemination cost,* Inseminations 
kg L.S. constants S.E. L.S. constants S.E. 
< 3000 -238 121 -.34 .16 
3000 to 4499 -17 110 .12 .15 
4500 to 4999 -149 106 .05 .14 
5000 to 5499 -217 94 — .09 .13 
5500 to 5749 -25 106 .18 .14 
5750 to 5999 . -159 98 -.01 .13 
6000 to 6249 -134 97 -.05 .13 
6250 to 6499 -372 95 -.05 .13 
6500 to 6749 -197 83 -.11 .11 
6750 to 6999 -104 82 .12 .11 
7000 to 7249 36 85 .03 .11 
7250 to 7499 -114 82 .11 .11 
7500 to 7749 86 87 .21 .12 
7750 to 7999 62 101 -.07 .13 
8000 to 8249 176 99 .22 .13 
8250 to 8499 -203 97 -.39 .13 
8500 to 8749 169 102 -.01 .14 
8750 to 8999 230 128 — .12 .17 
9000 to 9499 533 99 .07 .13 
> 9500 638 117 .13 .16 
Table 63. Linear regression coefficients and standard errors of the coefficients from Model 3 for 
health categories by calving age within lactation 
Lactation 1 Lactation 2 Lactation 3 Lactation^4 
Health category _ _ _ __ 
A + S.E. A + Ag S.E. A + A^ S.El». A + A^ S.E. 
Total health cost,* 64 44 126 37 107 38 18 11 
Total health disorders .16 .16 .37 .13 .16 .14 .08 .04 
Mammary cost,C 66 35 36 30 -25 31 10 9 
Mammary disorders .22 .14 .18 .12 .02 .12 .07 .04 
Reproductive cost,0 -30 18 58 16 27 16 -2 5 
Reproductive disorders -.02 .04 .12 .03 .06 .03 0 .01 
Locomotive cost,* 14 12 11 10 9 11 3 3 
Locomotive disorders .01 .03 .02 .03 .02 .03 .01 .01 
Digestive cost,* 5 11 6 9 79 9 -1 3 
Digestive disorders -.03 .03 .03 .03 .02 .03 0 .01 
Respiratory cost,* 2 6 4 5 -5 5 3 1 
Respiratory disorders .01 .01 .01 .01 0 .01 0 0 
Other health cost,* 7 13 11 12 22 12 5 3 
Other health disorders -.03 .03 .02 .03 .04 .03 .01 .01 
Insemination cost,* 7 17 -3 14 4 15 4 4 
Inseminations -.01 .02 -.03 .02 -.01 .02 0 .01 
Table 64. Least-squares constants and standard errors of the constants for Model 3 for health 
categories by lactation 
Lactation Lactation Lactation Lactation 
1 2 3 >4 
Health category 
L.S. 
constants S.E. 
L.S. 
constants S.E. 
L.S. 
constants S.E. 
L.S. 
constants S.E. 
Total health cost,* 386 530 121 244 -792 373 284 348 
Total health disorders 1.38 1.88 .71 .87 -.75 1.32 -1.35 1.24 
Mammary cost,* 432 427 -143 197 76 301 -365 281 
Mammary disorders 2.03 1.71 .30 .79 -.30 1.20 -2.30 1.12 
Reproductive cost,* -429 220 191 101 -191 154 429 144 
Reproductive disorders -.14 .44 .20 .20 -.65 .31 .59 .29 
Locomotive cost,C 68 146 -45 67 -16 103 —6 96 
Locomotive disorders .03 .39 .02 .18 .03 .27 -.07 .26 
Digestive cost,f 231 128 163 59 -584 90 189 84 
Digestive disorders -.46 .38 .17 .18 .09 .27 .20 .25 
Respiratory cost,* 34 69 -11 32 83 48 -106 45 
Respiratory disorders .15 .10 — .06 .05 .01 .07 -.10 .07 
Other health cost,* 50 164 -33 75 -160 115 144 108 
Other health disorders -.23 .40 .08 .18 -.20 .28 .35 .26 
Insemination cost,* 136 203 6 94 -54 143 —88 133 
Inseminations — .06 .27 -.03 .12 .05 .19 .04 .18 
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Table 65. Linear regression coefficients of health categories on days 
dry from Model .3 
Cost,* per Disorders, per 
(days dry-50) (days dry-50) 
Health category 
Regression on S.E. Regression on S.E. 
days dry days dry 
Total 1.82 1.72 .0185 .0061 
Mammary 2.73 1.39 .0178 .0055 
Reproductive -1.46 .71 .0014 .0014 
Locomotive .004 .47 -.0002 .0013 
Digestive .56 .42 -.0002 .0012 
Respiratory -.04 .22 0. .0003 
Other .02 .53 -.0003 .0013 
Inseminations -1.63 .66 -.0018 .0009 
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Table 66. Least-squares constants and standard errors of the constants 
for total health cost and total health disorders by length. 
Model 4^ 
Length Total health cost,C Total health disorders 
days postpartum L.S. constants S.E. L.S. constants S.E. 
200 to 249 1512 869 9.56 3.36 
250 to 299 -1261 508 -4.89 1.96 
300 to 344 -593 160 -2.33 .62 
345 to 359 -569 149 -2.00 .58 
360 to 369 -425 185 -2.11 .72 
370 to 379 -658 184 -2.35 .71 
380 to 389 -804 213 -2.16 .82 
390 to 399 -366 242 -1.39 .94 
400 to 409 -324 246 -1.48 .95 
410 to 419 -63 273 -1.16 1.06 
420 to 429 141 260 -1.25 1.01 
430 to 449 267 251 .83 .97 
450 to 469 131 244 .07 .94 
470 to 499 1417 275 5.15 1.06 
500 to 549 736 308 3.00 1.19 
> 550 859 374 2.50 1.45 
^Totalhealth cost does not include insemination cost. Total health 
disorders do not include inseminations. See Methods for description of 
Model 4. 
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Table 67. Least-squares constants and standard errors of the constants 
for mammary cost and mammary disorders by length, Model 4 
Length Mammary cost,C Mammary disorders 
days postpartum L.S. constants S.E. L.S. constants S.E. 
200 to 249 824 693 7.17 3.05 
250 to 299 -354 405 -3.08 1.78 
300 to 344 53 127 -.21 .56 
345 to 359 31 119 .11 .52 
360 to 369 —66 148 -.53 .65 
370 to 379 -257 147 -1.00 .65 
380 to 389 -404 169 -1.23 .75 
390 to 399 -95 193 -.61 .85 
400 to 409 -56 196 —. 68 .86 
410 to 419 -115 218 -1.24 .96 
420 to 429 -203 207 -1.51 .91 
430 to 449 -41 200 -.03 .88 
450 to 469 -135 195 -.83 .86 
470 to 499 255 219 2.55 .96 
500 to 549 659 245 1.53 1.08 
> 550 -97 298 -.41 1.31 
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Table 68. Least-squares constants and standard errors of the constants 
for reproductive cost and reproductive disorders by length. 
Model 4 
Length Reproductive cost,C Reproductive disorders 
days postpartum L.S. constants S.E. L.S. constants S.E. 
200 to 249 -140 341 .04 .79 
250 to 299 -397 199 -.94 .46 
300 to 344 -474 63 -1.56 .14 
345 to 359 -442 59 -1.62 .14 
360 to 369 -294 73 -1.13 .17 
370 to 379 -228 72 -.78 .17 
380 to 389 -263 83 — .64 .19 
390 to 399 -197 95 -.49 .22 
400 to 409 -49 96 -.20 .22 
410 to 419 181 107 .38 .25 
420 to 429 103 102 -.04 .24 
430 to 449 132 99 .39 .23 
450 to 469 328 96 1.05 .22 
470 to 499 654 108 1.92 .25 
500 to 549 136 121 1.25 .28 
> 550 949 147 2.38 .34 
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Table 69. Least-squares constants and standard errors of the constants 
for locomotive cost and locomotive disorders by length. Model 4 
Locomotive cost,* Locomotive disorders 
Length 
days postpartum L.S. constants S.E. L.S. constants . S.E. 
200 to 249 863 225 3.07 .61 
250 to 299 -272 132 -.65 .36 
300 to 344 -110 41 -.34 .11 
345 to 359 -78 39 -.27 .10 
360 to 369 -2 48 -.17 .13 
370 to 379 -93 48 -.31 .13 
380 to 389 -103 55 -.27 .15 
390 to 399 -39 63 -.14 .17 
400 to 409 -107 64 -.34 .17 
410 to 419 -84 71 -.40 .19 
420 to 429 82 67 .14 .18 
430 to 449 119 65 .44 .18 
450 to 469 -28 63 -.22 .17 
470 to 499 -25 71 -.09 .19 
500 to 549 -122 80 -.36 .22 
> 550 -1 97 -.10 .26 
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Table 70. Least-squares constants and standard errors of the constants 
for digestive cost and digestive disorders by length. Model 4 
Length Digestive cost,<? Digestive disorders 
days postpartum L.S. constants S.E. L.S. constants S.E. 
200 to 249 -255 237 -1.71 .75 
250 to 299 4 139 .51 .44 
300 to 344 -3 44 .08 .14 
345 to 359 19 41 .11 .13 
360 to 369 -30 51 -.02 .16 
370 to 379 -21 50 — .08 .16 
380 to 389 1 58 .05 .18 
390 to 399 -23 66 -.07 .21 
400 to 409 -47 67 -.10 .21 
410 to 419 -21 75 .10 .23 
420 to 429 -10 71 .10 .22 
430 to 449 35 69 .15 .22 
450 to 469 -13 67 0 .21 
470 to 499 368 75 .49 .24 
500 to 549 25 84 .17 .26 
> 550 -30 102 .21 .32 
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Table 71. Least-squares constants and standard errors of the constants 
for respiratory cost and respiratory disorders by length. 
Model 4 
Length Respiratory cost,*? Respiratory disorders 
days postpartum L.S. constants S.E. L.S. constants S.E. 
200 to 249 -39 122 -.27 .18 
250 to 299 -38 71 -.06 .10 
300 to 344 -10 22 -.02 .03 
345 to 359 -11 21 -.03 .03 
360 to 369 20 26 -.01 .04 
370 to 379 0 26 .02 .04 
380 to 389 10 30 .09 .04 
390 to 399 9 34 .01 .05 
400 to 409 -31 34 -.07 .05 
410 to 419 -28 38 0 .06 
420 to 429 -42 36 0 .05 
430 to 449 3 35 .02 .05 
450 to 469 72 34 .16 .05 
470 to 499 98 38 .11 .06 
500 to 549 -7 43 .01 .06 
> 550 -5 52 .05 .08 
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Table 72. Least-squares constants and standard errors of the constants 
for other health cost and other health disorders by length. 
Model 4 
T Other health cost,*? Other health disorders 
Length 
days postpartum L.S. constants S.E. L.S. constants S.E. 
200 to 249 259 214 1.27 .54 
250 to 299 -204 125 —.66 .31 
300 to 344 -50 39 -.28 .10 
345 to 359 —88 37 -.31 .09 
360 to 369 -53 46 -.25 .11 
370 to 379 -59 45 -.19 .11 
380 to 389 -46 52 -.17 .13 
390 to 399 -20 60 -.10 .15 
400 to 409 -34 60 -.09 .15 
410 to 419 4 67 0 .17 
420 to 429 210 64 .06 .16 
430 to 449 20 62 -.15 .16 
450 to 469 -93 60 -.09 .15 
470 to 499 66 68 .18 .17 
500 to 549 44 76 .40 .19 
> 550 43 92 .36 .23 
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Table 73. Least-squares constants and standard errors of the constants 
for insemination cost and inseminations by length. Model 4 
Length Insemination cost,*? Inseminations 
days postpartum L.S. constants S.E. L.S. constants S.E. 
200 to 249 -1046 344 -1.82 .41 
250 to 299 -599 201 -1.19 .24 
300 to 344 -798 63 -1.60 .08 
345 to 359 -728 59 -1.43 .07 
360 to 369 -477 73 -1.06 .09 
370 to 379 -424 73 -.87 .09 
380 to 389 -350 84 -.76 .10 
390 to 399 -305 96 -.40 .11 
400 to 409 -46 97 -.22 .12 
410 to 419 -114 108 -.07 .13 
420 to 429 336 103 .46 .12 
430 to 449 324 100 .71 .12 
450 to 469 564 97 .95 .11 
470 to 499 749 109 1.35 .13 
500 to 549 1107 122 2.17 .14 
> 550 1808 148 3.78 .18 
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Table 74. Least-squares constants and standard errors of the constants 
for total health cost and total health disorders by production 
level. Model 4* 
_ J . . T , Total health cost,*?; Total health disorders 
Production level 
kg L.S. constants S.E. L.S. constants S.E. 
< 3000 372 503 2.12 1.94 
3000 to 4499 -321 329 -1.54 1.27 
4500 to 4999 131 296 .21 1.14 
5000 to 5499 618 234 1.63 .90 
5500 to 5749 -87 265 -1.27 1.02 
5750 to 5999 -236 257 .38 .99 
6000 to 6249 22 246 .17 .95 
6250 to 6499 -42 232 .19 .89 
6500 to 6749 -531 196 -.55 .76 
6750 to 6999 -327 194 -.96 .75 
7000 to 7249 -226 204 -1.02 .79 
7250 to 7499 -144 194 -.09 .75 
7500 to 7749 -304 207 -.83 .80 
7750 to 7999 -168 234 -.43 .91 
8000 to 8249 587 233 .59 .90 
8250 to 8499 448 229 1.59 .88 
8500 to 8749 23 234 -.02 .90 
8750 to 8999 -77 303 -.32 1.17 
9000 to 9499 8 234 -.01 .90 
> 9500 252 276 .15 1.07 
Total health cost does not include insemination cost. Total health 
disorders do not include inseminations. See Methods for description of 
Model 4. 
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Table 75. Least-squares constants and standard errors of the constants 
for mammary cost and mammary disorders by production level. 
Model 4 
Production level 
kg 
Mammary cost,* 
L.S. constants S.E. 
Mammary disorders 
L.S. constants S.E. 
< 3000 -386 401 -.59 1.76 
3000 to 4499 -187 262 -.77 1.15 
4500 to 4999 43 236 .60 1.04 
5000 to 5499 262 186 1.31 .82 
5500 to 5749 -17 211 -.47 .93 
5750 to 5999 -73 205 .28 .90 
6000 to 6249 82 196 .09 .86 
6250 to 6499 79 185 .53 .81 
6500 to 6749 -366 156 -.22 .69 
6750 to 6999 -251 154 -.79 .68 
7000 to 7249 -51 162 -.50 .71 
7250 to 7499 -33 154 .36 .68 
7500 to 7749 -89 165 — .46 .73 
7750 to 7999 -1 187 -.17 .82 
8000 to 8249 540 186 .04 .82 
8250 to 8499 471 182 .65 .80 
8500 to 8749 136 186 .10 .82 
8750 to 8999 7 242 .36 1.06 
9000 to 9499 -167 186 -.17 .82 
> 9500 2 220 -.19 .97 
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Table 76. Least-squares constants and standard errors of the constants 
for reproductive cost and reproductive disorders by production 
level. Model 4 
Reproductive cost,*? Reproductive disorders 
Production level 
kg L.S. constants S.E. L.S. constants S.E. 
< 3000 85 197 .07 .46 
3000 to 4499 -65 129 -.60 .30 
4500 to 4999 -24 116 -.58 .27 
5000 to 5499 336 92 .62 .21 
5500 to 5749 93 104 -.13 .24 
5750 to 5999 -3 101 .23 .23 
6000 to 6249 -24 97 .17 .22 
6250 to 6499 53 91 .06 .21 
6500 to 6749 -33 77 -.04 .18 
6750 to 6999 6 76 -.01 .18 
7000 to 7249 12 80 -.02 .18 
7250 to 7499 -111 76 -.32 .18 
7500 to 7749 30 81 -.04 .19 
7750 to 7999 -152 92 -.29 .21 
8000 to 8249 6 91 .37 .21 
8250 to 8499 -55 90 .23 .21 
8500 to 8749 -72 92 .02 .21 
8750 to 8999 -112 119 -.17 .27 
9000 to 9499 6 92 .20 .21 
> 9500 22 108 .23 .25 
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Table 77. Least-squares constants and standard errors of the constants 
for locomotive cost and locomotive disorders by production 
level. Model 4 
Production level 
kg 
Locomotive cost,ç 
L.S. constants S.E. 
Locomotive disorders 
L.S. constants S.E. 
< 3000 -139 130 -.39 .35 
3000 to 4499 -33 85 -.10 .23 
4500 to 4999 -52 77 -.04 .21 
5000 to 5499 -75 61 -.17 .16 
5500 to 5749 6 69 .03 .19 
5750 to 5999 -9 67 .25 .18 
6000 to 6249 12 64 -.04 .17 
6250 to 6499 -89 60 -.12 .16 
6500 to 6749 -52 51 -.05 .14 
6750 to 6999 -11 50 -.03 .14 
7000 to 7249 -69 53 — .08 .14 
7250 to 7499 31 50 0 .14 
7500 to 7749 -141 54 -.27 .14 
7750 to 7999 51 61 -.06 .16 
8000 to 8249 55 60 .09 .16 
8250 to 8499 162 59 .77 .16 
8500 to 8749 54 61 -.01 .16 
8750 to 8999 14 79 -.12 .21 
9000 to 9499 131 61 .21 .16 
> 9500 156 72 .13 .19 
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Table 78. Least-squares constants and standard errors of the constants 
for digestive cost and digestive disorders by production 
level. Model 4 
Digestive cost,* Digestive disorders 
Production level 
kg L.S. constants S.E. L.S. constants S.E. 
< 3000 743 137 2.42 .43 
3000 to 4499 -41 90 -.24 .28 
4500 to 4999 -65 81 -.29 .25 
5000 to 5499 126 64 -.02 .20 
5500 to 5749 -102 72 -.40 .23 
5750 to 5999 -89 70 -.20 .22 
6000 to 6249 -28 67 -.09 .21 
6250 to 6499 -36 63 -.15 .20 
6500 to 6749 -71 54 -.19 .17 
6750 to 6999 -51 53 -.01 .17 
7000 to 7249 -76 56 -.26 .18 
7250 to 7499 35 53 .10 .17 
7500 to 7749 -57 56 -.10 .18 
7750 to 7999 -43 64 .18 .20 
8000 to 8249 -54 64 -.03 .20 
8250 to 8499 -31 62 -.03 .20 
8500 to 8749 -72 64 -.12 .20 
8750 to 8999 13 83 -.25 .26 
9000 to 9499 -52 64 -.25 .20 
> 9500 -50 75 -.60 .24 
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Table 79. Least-squares constants and standard errors of the constants 
for respiratory cost and respiratory disorders by production 
level. Model 4 
Respiratory cost,C Respiratory disorders 
Production level 
kg L.S. constants S.E. L.S. constants S.E. 
< 3000 9 70 .11 .10 
3000 to 4499 3 46 .12 .07 
4500 to 4999 -20 41 -.01 .06 
5000 to 5499 -24 33 -.04 .05 
5500 to 5749 -13 37 0 .05 
5750 to 5999 1 36 0 .05 
6000 to 6249 -4 34 -.01 .05 
6250 to 6499 -12 32 .03 .05 
6500 to 6749 18 27 -.01 .04 
6750 to 6999 -24 27 -.03 .04 
7000 to 7249 23 29 -.03 .04 
7250 to 7499 10 27 -.06 .04 
7500 to 7749 -21 29 -.02 .04 
7750 to 7999 -17 33 -.05 .05 
8000 to 8249 64 33 .07 .05 
8250 to 8499 -31 32 — .03 .05 
8500 to 8749 21 33 .06 .05 
8750 to 8999 -45 42 -.11 .06 
9000 to 9499 -6 33 -.02 .05 
> 9500 68 39 .03 .06 
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Table 80. Least-squares constants and standard errors of the constants 
for other health cost and other health disorders by production 
level. Model 4 
Other health cost,*? Other health disorders 
Prpduction level 
kg L.S. constants S.E. L.S. constants S.E. 
< 3000 59 124 .50 .31 
3000 to 4499 2 81 .04 .20 
4500 to 4999 248 73 .53 .18 
5000 to 5499 -7 58 -.07 .14 
5500 to 5749 -53 65 -.31 .16 
5750 to 5999 -62 63 -.18 .16 
6000 to 6249 -17 61 .06 .15 
6250 to 6499 -36 57 -.16 .14 
6500 to 6749 -27 48 -.02 .12 
6750 to 6999 5 48 —. 08 .12 
7000 to 7249 —64 50 -.14 .13 
7250 to 7499 -76 48 -.17 .12 
7500 to 7749 -25 51 .06 .13 
7750 to 7999 -7 58 -.05 .14 
8000 to 8249 -24 57 .05 .14 
8250 to 8499 —68 56 .01 .14 
8500 to 8749 —44 58 -.07 .14 
8750 to 8999 46 75 -.03 .19 
9000 to 9499 95 58 .03 .14 
> 9500 55 68 .01 .17 
126 
Table 81. Least-squares constants and standard errors of the constants 
for Insemination cost and inseminations by production level, 
Model 4 
Production level Insemination cost,f Inseminations 
kg L.S. constants S.E. L.S. constants S.E. 
< 3000 -16 199 —. 02 .24 
3000 to 4499 79 130 .31 .15 
4500 to 4999 -114 117 -.03 .14 
5000 to 5499 -196 93 — .03 .11 
5500 to 5749 -121 105 .06 .12 
5750 to 5999 -113 102 .17 .12 
6000 to 6249 -106 98 .14 .12 
6250 to 6499 -335 92 -.18 .11 
6500 to 6749 -122 78 .03 .09 
6750 to 6999 -141 77 -.03 .09 
7000 to 7249 -12 81 -.01 .10 
7250 to 7499 -114 77 .07 .09 
7500 to 7749 62 82 .07 .10 
7750 to 7999 -100 93 -.11 .11 
8000 to 8249 75 92 .03 .11 
8250 to 8499 -169 91 -.25 .11 
8500 to 8749 197 93 -.10 .11 
8750 to 8999 105 120 -.24 .14 
9000 to 9499 593 93 .16 .11 
> 9500 557 110 -.04 .13 
Table 82. Linear regression coefficients and standard errors of the coefficients from Model 4 for 
health categories by calving age within lactation 
Lactation 1 Lactation 2 Lactation 3 . Lactation ^ 4 
Health category 
A + S.E. Â + Ag S .E. Â + A3 S .E. A + A, 4 S.E, 
Total health cost,c 54 41 72 38 171 38 -5 15 
Total health disorders .22 .16 .19 .15 .30 .15 -.20 .06 
Mammary cost,C 63 33 14 30 14 30 -7 12 
Mammary disorders .25 .14 0 .13 .22 .13 -.03 .05 
Reproductive cost,ç -23 16 33 15 24 15 3 6 
Reproductive disorders -.01 .04 .11 .03 .04 .03 .02 .01 
Locomotive cost,* 18 11 11 10 9 10 0 4 
Locomotive disorders .02 .03 .02 .03 .01 .03 0 .01 
Digestive cost,* -7 11 4 10 116 10 -1 4 
Digestive disorders -.03 .04 .02 .03 .01 .03 0 .01 
Respiratory cost,* 5 6 5 5 -6 5 3 2 
Respiratory disorders .02 .01 .01 .01 0 .01 0 0 
Other health cost,* -1 10 6 9 14 9 -3 4 
Other health disorders -.03 .03 .04 .02 .03 .02 -.01 .01 
Insemination cost,* 17 16 -7 15 -6 15 6 6 
Inséminât ions .01 .02 -.03 .02 -.02 .02 0 .01 
Table 83. Least-squares constants and standard errors of the constants for Model 4 for health 
categories by lactation 
Lactation Lactation Lactation Lactation 
1 2 3 >4 
Health category 
L.S. 
constants S.E. 
L.S. 
constants S.E. 
L.S. 
constants S.E. 
L.S. 
constants S.E. 
Total health cost,ç 367 435 —81 236 -1682 426 1396 427 
Total health disorders 1.64 1.68 -.95 .91 -2.85 1.65 2.16 1.65 
Mammary cost,ç 352 347 -301 188 -192 340 141 340 
Mammary disorders 2.10 1.53 -.69 .83 -2.20 1.49 .79 1.50 
Reproductive cost,f -221 171 58 92 -243 167 406 168 
Reproductive disorders .15 .39 — .01 .21 -.34 .39 .20 .39 
Locomotive cost,<? 18 113 -67 61 -92 111 141 111 
Locomotive disorders -.11 .30 -.05 .16 -.05 .30 .21 .30 
Digestive cost, <? 255 119 358 64 -1034 116 421 117 
Digestive disorders -.42 .37 .07 .20 .11 .37 .24 .37 
Respiratory cost,*? 39 61 -39 33 95 60 -96 60 
Respiratory disorders .21 .09 -.11 .05 — .01 b
 
vo
 
— .09 .09 
Other health cost,C -76 107 -91 58 -215 105 383 105 
Other health disorders -.30 .27 -.15 .15 -.36 .26 .81 .26 
Insemination cost,C 199 173 -38 93 56 169 -217 169 
Inseminations .03 .20 -.07 .11 .08 .20 -.05 .20 
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Table 84. Linear regression coefficients of health categories on days 
dry from Model .4 
Health category 
CostjO per 
(days dry-50) 
Regression on 
days dry 
S.E. 
Disorders, per 
(days dry-50) 
Regression on S.E. 
days dry 
Total 
Mammary 
Reproductive 
Locomotive 
Digestive 
Respiratory 
Other 
Inseminations 
1.22 
2.29 
-.42 
-.32 
-.04 
-.04 
-.25 
-1.27 
1.59 
1.26 
. 6 2  
.41 
.43 
.22 
.39 
.63 
.0145 
.0134 
.0039 
-.0007 
-.0014 
-.0002 
-.0005 
-.0009 
.0061 
.0056 
.0014 
.0011 
.0014 
.0003 
.0010 
.0007 
130 
remaining tables within each model are least-squares constants or linear 
regression coefficients of calving age within lactation, lactation, or 
days dry. A discussion of the significant results of Models 3 and 4 
follows. Data of Model 3 included terminal and nonterminal, complete 
lactations. Data of Model 4 included only nonterminal complete lacta­
tions. Results of Model 3 will be discussed first. 
Predictions from terminal and nonterminal lactations 
Total health cost and total health disorders in Table 47 increased 
with increased length suggesting that a maintenance level of health per 
day existed. Confounding of length and culling rate occurred for lengths 
less than 200 days. Total health cost and total health disorders of 
terminal lactations of lengths less than 200 days increased with increased 
length. Total health cost of lengths between 200 and 389 days were rela­
tively constant. Total health cost of lengths greater than 389 days in­
creased with Increased length. Total health disorders had trends similar 
to total health cost for length but results were not identical. Assuming 
lengths, calving intervals, less than 300 days were not biologically 
feasible, lengths between 370 and 389 days had least total health cost, 
and fewest total health disorders occurred with lengths between 360 to 379 
days. Cows with annual calving intervals had few health disorders and low 
health costs. 
Cows in terminal lactations of lengths 150 to 199 days had the 
largest mammary cost and most mammary disorders even after adjusting for 
the average effect of terminal versus nonterminal lactations as given 
in Table 48. Reproductive cost and reproductive disorders in Table 49 
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increased with increased length. Cows in the herd less than 200 days 
did not have numerous reproductive disorders or opportunities to incur 
substantial reproductive cost. Cows in the herd less than 200 days had 
few locomotive costs or disorders. The largest locomotive cost was 
associated with lengths of 200 to 249 days, 360 to 369 days, and 420 to 
469 days as given in Table 50. Table 51 displayed that digestive cost 
was largest for lengths of 50 to 149 days and 470 to 499 days. Lengths 
of the two cows with the largest digestive cost were 50 to 99 days and 
470 to 499 days. Limited data and low incidences of respiratory dis­
orders masked any association that may have existed between length and 
respiratory cost or disorders. Table 52. Other health disorders in 
Table 53 were most frequent in the lengths greater than 500 days and 
fewest in lengths less than 50 days. Insemination cost and inseminations 
in Table 54 increased as length increased. In general, lactations of 
longer length incurred greater cost. Mammary cost was the exception 
with terminal lactations of 150 to 199 days having the most mammary cost. 
Many health costs and health disorders were not significantly 
different by production level. Trends in the least-squares constants 
in Tables 55 to 62 for production level needed to be interpreted sparingly. 
Higher total health cost in Table 55 was associated with milk production 
under 5,500kg and over 8,000kg with the lowest total health cost associ­
ated with 6,500 to 6,749kg of milk production. The cause-and-effect 
relation of total health cost to milk production may depend on the 
production level. Cows producing more than 8,000kg may stress themselves. 
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thereby Increasing the total health cost. Low-producing cows may 
have had their performance hindered by extensive health disorders. 
Additional investigations are needed to identify and quantify the 
possible cause-and-effect relations between total health cost and milk 
production. Categories of mammary, reproduction, respiration, and other 
health displayed little discernible association with production level. 
Larger locomotive cost and disorders were associated with higher pro­
duction levels. The first, second, and fourth production levels had 
the highest digestive cost and were associated with the three cows with 
the highest digestive cost. Digestive disorders were most frequent with 
less than 3,000kg of milk production. The association of high insemina­
tion cost in Table 62 with high production levels was a consequence of 
assigning actual semen cost to the NC-2 herds with selection experiments 
of high and average sires. Inseminations, without costs, had a much 
less apparent relation to production level, but the trend was for in­
seminations to be increased as production level increased. 
Least squares constants from Model 3 for terminal versus nonterminal 
lactations for the major health categories are described in the following 
paragraph rather than given in a table. Cows in terminal lactations 
had $11.38 more total health cost with 4.75 more total health disorders 
than cows in complete nonterminal lactations. The additional expense of 
terminal lactations was $4.33 additional mammary cost and $6.31 additional 
reproductive cost. Cows in terminal lactations had 2.2 more mammary 
disorders and 2.15 more reproductive disorders than cows in complete 
nonterminal lactations. Cows in terminal lactations received an 
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additional 2.18 inseminations valued at $10.84. Cows in terminal 
lactations had greater total health and insemination costs than cowg 
in complete nonterminal lactations. 
Tables 63 and 64 contain the linear regression coefficients from 
Model 3 for health categories by calving age within lactation and least-
squares constants from Model 3 for health categories by lactation. The 
average linear regression of a health category on calving age, A, can 
be calculated from Table 63 by summing the regression coefficients from 
each of the lactations for a health category and dividing by four. The 
average linear regression of total health cost on calving age was 
(64 + 126 + 107 + 18)/4 or $.78 increase of total health cost per 
increased month of calving age. Total health cost increased the most per 
month of calving age during the second lactation. Increased calving age only 
increased total health cost $.18 per month for fourth or greater lacta­
tions. Combining least-squares constants from Tables 63 and 64 for 
calving age and lactation, older cows had more total health cost and more 
total health disorders than cows calving at a younger age. Lactations 
greater than or equal to four had small regressions on calving age for 
at least two reasons. First, the deviations of calving age from 40 months 
were large for fourth or greater lactations. Second, a wider range in 
calving ages existed for fourth or greater lactations. The larger 
variance of calving age for fourth or greater lactations averaged out 
the covarlance of health categories and calving age. Mammary disorders 
increased .12 disorders per Increased month of calving age. Reproductive 
cost was less for older first calf heifers suggesting that some heifers 
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had difficulty calving at a young age. Breeding heifers to bulls known 
for ease of calving was not the policy in the NC-2 research herds. 
Possibly, reproductive cost could be reduced for young first-calf 
heifers if the heifers were bred to easy-calving bulls. If young first-
calf heifers were immature and small, data unavailable, feeding more 
to obtain well-grown heifers could reduce reproductive cost of the first 
lactation. A large increase of reproductive cost and reproductive dis­
orders occurred during the second lactation for cows calving at older 
ages. The large linear regression of digestive cost on calving age in 
the third lactation was correct because the cow with $160.65 of digestive 
cost calved for the third time at 70 months of age. In general, cows 
calving at older ages had more health cost and health disorders than 
cows calving at younger ages. 
Mammary cost increased and reproductive cost decreased with increased 
days dry. Total health disorders increased with increased days dry 
primarily because mammary disorders increased. For Model 3, linear 
regression coefficients of health categories on days dry deviated about 
50 days dry, are in Table 65. 
To summarize, results from Model 3 indicated that cows with near 
annual calving intervals had few health disorders and low health cost. 
Lactations of greater length incurred more cost. Most categories of 
health cost and health disorders were not significantly different by 
production level. Cows in terminal lactations had greater health and 
insemination cost than cows in complete nonterminal lactations. Older 
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cows had more total health cost and more total health disorders than cows 
calving at a younger age. Mammary cost increased and reproductive cost 
decreased with increased days dry. 
Predictions from only nonterminal lactations 
Terminal lactations were excluded from analysis for Model 4, results 
of which are in Tables 66 to 84. Complete nonterminal lactations of 
length less than 250 days had the highest total health cost and most 
total health disorders. Lengths of 250 to 299 days postpartum were 
associated with the least total health cost and fewest total health dis­
orders. Increasing lengths greater than 300 days were associated with 
increasing total health cost and total health disorders. The most mammary 
disorders were associated with lengths less than 250 days and between 
470 to 549 days. Severe mammary disorders may have shortened days in 
milk. Attempts to milk after long lactations may unduly stress the 
mammary system. Reproductive cost and reproductive disorders were small­
est for lengths of 300 to 359 days. Cows with increasing lengths above 
360 days were associated with increased reproductive cost and reproductive 
disorders. The largest reproductive cost and reproductive disorders 
occurred for lengths greater than 550 days. Locomotive cost and loco­
motive disorders were greatest for lengths less than 250 days. Addition­
ally, only lengths of 420 to 499 days had locomotive cost and locomotive 
disorders greater than average. Digestive cost in Table 70 was most for 
lengths of 470 to 499 days. Lengths less than 250 days were associated 
with the least digestive cost. Lengths greater than 410 days were 
associated with greater than average digestive disorders. Digestive 
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disorders may have obscured heats or postponed conception. Respiratory 
disorders tended to increase with increased length. For lengths greater 
than 250 days, other health cost and other health disorders generally 
increased. Insemination cost and inseminations increased from a minimum 
for lengths less than 250 days to a maximum for lengths greater than 550 
days. For Model 4, total health cost and total health disorders increased 
with increased length. 
High total health cost in Table 74 was associated with production of 
5,000 to 5,499 kig and 8,000 to 8,499 kg. Lowest total health cost occurred 
for production of 6,500 to 6,749 kg. Intermediate milk production was 
suggested for minimizing total health cost. Mammary cost was largest for 
production of 8,000 to 8,499 kg. Reproductive disorders were not linearly 
associated with production. Low production of 5,000 to 5,499kg was associ­
ated with the most reproductive disorders. Lower production of 3,Q00to 
4,999 kg was associated with the fewest reproductive disorders. Cows with 
production above 7,750 kg were associated with greater than average loco­
motive cost. The most locomotive disorders occurred for production of 
8,259 to 8,499 kg. Large digestive cost and numerous digestive disorders 
were associated with the lowest production of less than 3,000 kg. 
Digestive disorders may severely limit cows from reaching their production 
potential. Relations of production to cost and disorders of respiratory 
and other health categories were not discernible. Insemination cost in 
Table 81 was fairly constant for production less than 8,000 kg. The 
increased insemination cost above 8,000 kg resulted from the breeding design 
of breeding daughters of high-predicted-difference-milk sires to 
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high-predicted-difference-milk sires with high semen prices. High total 
health cost was associated with low and high production and low total 
health cost was associated with intermediate production. 
Linear regression coefficients for health categories by calving 
age within lactation and least-squares constants for health categories 
by lactation for Model 4 are in Tables 82 and 83. The largest increase 
of total health cost per month of calving age occurred in third lacta­
tions. The average linear regression of total health disorders on calving 
age of .17 indicated that total health disorders increased with increased 
calving age. Relations of mammary, reproduction, and digestion to calving 
age were similar in Models 3 and 4. The regression of locomotive cost on 
calving age declined with increased lactations. 
Linear regression coefficients of health categories on days dry from 
Model 4 are in Table 84. Mammary disorders and reproductive disorders 
Increased with increased days dry. Total health disorders increased with 
increased days dry. Insemination cost declined with increased days dry. 
In general, results of Model 4 agreed with results of Model 3. Total 
health cost and total health disorders increased with increased length. 
High total health cost was associated with low and high production and 
low total health cost was associated with intermediate production. Older 
cows had more total health disorders than cows calving at a younger age. 
Inclusion of terminal lactations in Model 3 facilitated estimation of the 
effect of health categories on short lengths. 
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Repeatablllties of health categories 
Table 85 contains repeatablllties and standard errors for health 
categories estimated from 1,999lactations In NC-2 herds. Cow variance 
accounted for 12% of the wlthln-herd variance of total health cost and 
total health disorders. Repeatablllties of disorders were higher than 
repeatablllties of cost for categories of mammary, reproduction, loco­
motion, respiration, and other health. The within-herd variance was much 
less for disorders than for cost. Repeatability of total health disorders 
was intermediate to repeatablllties of categories comprising total health 
disorders. Repeatability of total health cost exceeded most repeat-
abilities of categories comprising total health cost. Insemination cost 
had a higher repeatability than inseminations because semen prices were 
consistent from year to year. Cows bred to hlgh-predicted-difference-
mllk sires and higher average semen prices each lactation. 
Relations Among DHIÂ Data 
The lactation curve model. Model 7, was Individually fit to 111,905 
California DHIA lactations described in Table 13. The pooled multiple 
correlation coefficient was .86 indicating that the gamma-type function of 
Wood (1967) adequately fit the DHIA test-day information. Table 86 
contains multiple correlation coefficients and mean square errors of the 
lactation curve model by lactation and overall. Although the mean square 
error was smallest for first lactation. Model 7 did not fit first lacta­
tions as accurately as later lactations. 
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Table 85. Repeatability and standard error for health categories 
estimated from 1,999 lactations in NC-2 herds* 
Health category Repeatability Standard error 
Total health cost,C .121 .029 
Total health disorders .116 .029 
Mammary cost,* .015 .029 
Mammary disorders .086 .029 
Reproductive cost,* .044 .029 
Reproductive disorders .109 .029 
Locomotive cost,* .102 .029 
Locomotive disorders .303 .028 
Digestive cost,* .094 .029 
Digestive disorders .032 .029 
Respiratory cost,* .258 .028 
Respiratory disorders .435 .025 
Other health cost,* .111 .029 
Other health disorders .466 .025 
Insemination cost,* .274 .028 
Inseminations .133 .029 
= U + Herds + year-seasons/Herd + Cows/Herd + Error. 
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2 
Table 86. Multiple correlation coefficients, R , and mean square errors 
of lactation curve model^ by lactation and overall 
Lactation Mean Square Error 
1 .78 .016 
2 .88 .026 
3 .88 .029 
> 4 .86 .030 
Overall 
V
û 00 
.024 
^See Methods for description of Model 7. 
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The percentage atypical lactation curves was less than 1% after 
predicting daily production on day 6. Negative a, b, or c estimates of 
lactation curve parameters, occurred in only 840 lactations in the 
California DHIA data. Predicting daily milk yield on day 6 was success­
ful in reducing the percentage atypical lactation curves. Drastic edit­
ing for early first test day was not necessary. Arithmetic means and 
standard deviations of atypical lactation curves for California DHIA 
data are in Table 87. Persistency and peak yield were not estimated for 
atypical lactation curves. Standard deviations of predicted health 
traits from Model 3 were larger for lactations associated with atypical 
lactation curves than for unselected or selected California DHIA data. 
Unselected California DHIA data were 111,905 lactations of progeny of 
3,333 sires. Selected California DHIA data were 62,112 lactations of 
progeny of 323 sires. The average multiple correlation coefficient was 
lower with a larger standard deviation for the atypical lactation curves 
than for unselected or selected lactations. Atypical lactation curves 
were associated with lower production than the unselected and selected 
lactations. Arithmetic means and standard deviations for predicted 
health traits, lactation curve traits, classificatory traits, and continu­
ous traits of unselected and selected California DHIA data are in Tables 
88 to 95 by lactation. Within lactation, there were few differences 
between the unselected and selected lactations. There was a large 
reduction in standard deviation of persistency and week of peak yield of 
first lactations between unselected and selected lactations. Eliminating 
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Table 87. Arithmetic means and standard deviations of atypical lactation 
curves for California DHIA data 
Trait Mean Standard deviation 
Predicted Health Traits 
Total health cost,$ 5.23 11.46 
Total health disorders 1.34 3.29 
Mammary cost,$ -1.61 5.06 
Mammary disorders .15 1.93 
Reproductive cost,$ 2.55 6.32 
Reproductive disorders .55 1.68 
Locomotive cost,$ .41 1.76 
Locomotive disorders .08 .38 
Other health cost,$ 3.87 3.83 
Other health disorders .57 .73 
Insemination cost,$ 1.80 10.21 
Inseminations .12 1.77 
Number of breedings 2.16 1.86 
Lactation Curve Traits 
Ln a 3.27 .431 
b -.021 .114 
c .0070 .0114 
Persistency 
Week of peak yield -24. 236. 
Peak yield, kg -
R2 59. 29. 
Classiflcatory Traits 
Production level, 1-20 10.5 5.8 
Length, 1-20 11.2 5.2 
Culling rate, % 39. 49. 
Days dry 42. 41. 
Calving age, mo 55. 25. 
Continuous Traits 
Postpartum length, da 379. 123. 
Mature-equivalent milk, 10 kg 687. 189. 
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Table 88. Arithmetic means and standard deviations for predicted health 
traits and number of breedings of unselected and selected 
lactations for first lactation California DHIA data 
Predicted health traits 
Unselected 
Mean 
lactations 
S.D. 
Selected 
Mean 
Lactations 
S.D. 
Total health cost,$ -6.02 7.62 -5.96 7.65 
Total health disorders -1.38 2.49 -1.38 2.48 
Mammary cost,$ -4.29 4.65 -4.22 4.62 
Mammary disorders -1.00 1.67 -.99 1.65 
Reproductive cost,$ -2.52 4.68 -2.64 4.73 
Reproductive disorders -.25 1.36 -.25 1.37 
Locomotive cost,$ -.51 1.44 -.43 1.40 
Locomotive disorders —. 09 .34 -.09 .34 
Other health cost,$ 1.32 1.57 1.34 1.58 
Other health disorders -.03 .52 -.04 .51 
Insemination cost,$ 26 8.57 .41 8.64 
Inseminations -.27 1.45 -.26 1.46 
Number of breedings 2.04 1.60 2.07 1.62 
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Table 89. Arithmetic means and standard deviations for lactation curve 
traits, classificatory traits, and continuous traits of un-
selected and selected lactations for first lactation California 
DHIÂ data 
Traits 
Unselected lactations 
Mean S.D. 
Selected lactations 
Mean S.D. 
Lactation Curve Traits 
Ln a 
b 
Persistency 
Week of peak yield 
Peak yield, kg 
Classificatory Traits 
Production level, 1-20 
Length, 1-20 
Culling rate, % 
Days dry 
Calving age, mo. 
Continuous Traits 
Postpartum length, da 
Mature-equivalent 
milk, 10 kg. 
2.83 
.239 
.0237 
142. 
12. 
24. 
76. 
12.4 
11.0 
21. 
50. 
29. 
380. 
748. 
.231 
.103 
.0138 
733. 
24. 
4.5 
17. 
5.5 
4.4 
41. 
34. 
4.5 
92. 
177. 
2.84 
.236 
.0230 
143. 
12. 
24. 
76. 
12.6 
11.2 
18. 
52. 
30. 
385. 
755. 
.227 
.104 
.0137 
352. 
11. 
4.4 
17. 
5.4 
4.4 
39. 
33. 
4.7 
89. 
171. 
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Table 90. Arithmetic means and standard deviations for predicted health 
traits and number of breedings of unselected and selected 
lactations for second lactation California DHIA data 
Unselected lactations Selected Lactations 
Predicted health traits 
Mean S.D. Mean S.D. 
Total health cost,$ 1.78 9.50 1.70 9.55 
Total health disorders .85 3.06 .80 3.08 
Mammary cost,$ -1.59 4.36 -1.72 4.23 
Mammary disorders .34 1.71 .29 1.67 
Reproductive cost,$ 1.83 5.36 1.78 5.39 
Reproductive disorders .20 1.43 .21 1.44 
Locomotive cost,$ .30 1.54 .37 1.48 
Locomotive disorders .07 .38 .07 .37 
Other health cost,$ 1.27 1.77 1.31 1.77 
Other health disorders .23 .51 
CM 
.50 
Insemination cost,$ -.58 7.89 -.40 7.89 
Inseminations -.46 1.27 -.46 1.27 
Number of breedings 1.99 1.54 2.01 1.55 
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Table 91. Arithmetic means and standard deviations for lactation curve 
traits, classificatory traits, and continuous traits of un-
selected and selected lactations for second lactation California 
DHIA data 
Unselected lactations Selected lactations 
Traits 
Mean S.D. Mean S.D. 
Lac^tation Curve Traits 
Ln a 
b 
Persistency 
Week of peak yield 
Peak yield, kg 
Classificatory Traits 
Production level, 1-20 
Length, 1-20 
Culling rate,% 
Days dry 
Calving age, mo 
Continuous Traits 
Postpartum length, da 
Mature-equivalent 
milk, 10 kg 
3.25 
.263 
.0401 
71. 
6.9 
33. 
87. 
12.9 
10.1 
30. 
50. 
42. 
360. 
771. 
.218 
.128 
.0213 
164. 
6 . 6  
6.9 
11. 
5.7 
4.3 
46. 
42. 
5.2 
90. 
186. 
3.25 
.259 
.0390 
74. 
7.1 
34. 
87. 
13.3 
10.4 
26. 
53. 
43. 
367. 
783. 
.216 
.127 
.0206 
211. 
8.4 
6.8 
11. 
5.6 
4.2 
44. 
41. 
5.2 
87. 
182. 
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Table 92. Arithmetic means and standard deviations for predicted health 
traits and number of breedings of unselected and selected 
lactations for third lactation California DHIA data 
Unselected lactations Selected lactations 
Predicted health traits 
Mean S.D. Mean S.D. 
Total health cost,$ 6.47 9.51 6.13 9.41 
Total health disorders 1.04 2.57 .96 2.56 
Mammary cost,$ —4.08 4.18 -4.12 4.03 
Mammary disorders -.06 1.44 -.10 1.40 
Reproductive cost,$ 1.01 4.69 .87 4.68 
Reproductive disorders .08 1.36 .05 1.36 
Locomotive cost,$ 1.76 1.49 1.78 1.45 
Locomotive disorders .29 .38 .29 .37 
Other health cost,$ 7.79 5.84 7.61 5.71 
Other health disorders .73 .56 
CM 
.54 
Insemination cost,$ -.03 8.20 .07 8.20 
Inseminations -.44 1.32 -.44 1.31 
Number of breedings 2.05 1.60 2.06 1.61 
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Table 93. Arithmetic means and standard deviations for lactation curve 
traits, classificatory traits, and continuous traits of un-
selected and selected lactations for third lactation California 
DHIA data 
Traits 
Unselected lactations 
Mean S.D. 
Selected lactations 
Mean S.D. 
Lactation Curve Traits 
Ln a 
b 
Persistency 
Week of peak yield 
Peak yield, kg 
Classificatory Traits 
Production level, 1-20 
Length, 1-20 
Culling rate, % 
Days dry 
Calving age, mo 
Continuous Traits 
Postpartum length, da 
Mature-equivalent 
milk, 10' kg 
3.30 
.280 
.0419 
69. 
7.0 
36. 
88. 
13.0 
10.3 
32. 
49. 
55. 
363. 
772. 
.220 
.132 
.0209 
40. 
2 . 6  
7.2 
11. 
5.5 
4.3 
47, . 
42. 
5.8 
90. 
175. 
3.31 
.278 
.0413 
70. 
7.0 
36. 
87. 
13.3 
10.4 
30. 
51. 
55. 
366. 
782. 
.220 
.133 
.0206 
44. 
2 . 8  
7.2 
11. 
5.4 
4.3 
46. 
42. 
5.7 
87. 
174. 
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Table 94. Arithmetic means and standard deviations for predicted health 
traits and number of breedings of unselected and selected 
lactations of fourth or greater lactation California DHIA data 
Unselected lactations Selected lactations 
Predicted health traits 
Mean S.D. Mean S.D. 
Total health cost,$ 9.17 7.86 8.57 7.62 
Total health disorders 1.62 2.83 1.35 2.75 
Mammary cost,$ -.17 4.34 -.46 4.33 
Mammary disorders .28 1.86 .08 1.82 
Reproductive cost,$ 2.76 4.45 2.75 4.37 
Reproductive disorders .45 1.33 .44 1.31 
Locomotive cost,$ 1.56 1.48 1.51 1.47 
Locomotive disorders .19 .38 .18 .38 
Other health cost,$ 5.02 1.91 4.78 1.81 
Other health disorders .72 .46 .69 .45 
Insemination cost,$ 1.36 8.77 1.21 8.60 
Inseminations -.15 1.42 -.18 1.39 
Number of breedings 2.13 1.73 2.11 1.67 
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Table 95. Arithmetic means and standard deviations for lactation curve 
traits, classificatory traits, and continuous traits of un-
selected and selected lactations for fourth or greater 
lactation California DHIA data 
Traits 
Unselected lactations 
Mean S. D. 
Selected lactations 
Mean S.D. 
Lactation Curve Traits 
Ln a 
b 
Persistency 
Week of peak yield 
Peak yield, kg 
R2 
Classificatory Traits 
Production level, 1-20 
Length, 1-20 
Culling rate, % 
Days dry 
Calving age, mo 
Continuous Traits 
Postpartum length, da 
Mature-equivalent 
milk, 10 kg 
3.29 
.280 
.0402 
75. 
7.4 
36. 
86. 
12.6 
10.5 
37. 
46. 
83. 
366. 
761. 
.241 
.135 
.0209 
175. 
7.3 
7.5 
12. 
5.6 
4.5 
48. 
43. 
16. 
96. 
180. 
3.30 
.281 
.0401 
76. 
7.4 
37. 
86.  
12.9 
10.3 
38. 
45.5 
79. 
363. 
770. 
.241 
.134 
.0204 
236. 
9.6 
7.6 
12. 
5.7 
4.5 
48. 
43. 
15. 
95. 
183. 
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one unusually high estimate of persistency between the unselected and 
selected lactations accounted for the decline in standard deviation. 
Although estimates of b and c were logical, the combination of a small 
c raised to the negative power of a large b resulted in an unusually high 
estimate of persistency which inflated the standard deviation of the 
unselected lactations. Predicted total health cost increased with in­
creased lactation for the unselected and selected lactations. For 
lactation curve traits, second and greater lactations were similar. First 
lactations had lower In a, lower peak yield, lower c, higher persistency, 
and took longer to reach peak yield. Additionally, lower accuracy of 
fitting the lactation curve was associated with first lactations than with 
later lactations. Cows in first lactations were associated with greater 
postpartum length, slightly lower mature-equivalent milk production, and 
lower culling rate than cows in later lactations. The greater postpartum 
length and lower culling rate may be measurements of the same effect 
because terminal lactations were shorter than nonterminal lactations. 
Bias due to data reduction 
Selection of progeny of 323 sires did not change derogatorily the 
mean or standard deviations of traits of interest. The statistic Kl, 
defined in the Methods, was .03 for mature-equivalent milk production of 
first lactations implying that the selection criteria did not adversely 
affect the error variance of milk production. Effect of selection in 
obtaining the original data was not evaluated. Selection of progeny of 
sires that had progeny in at least two herds, in at least three year-
seasons, in each of four lactations, did not drastically reduce the within 
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herd-year-season mean square of first lactations. Heritabilitles of the 
selected data should not be an underestimate of heritabilitles of the 
original data. 
The statistic K1 for mature-equivalent milk production of first 
lactations was calculated as follows. 
Within herd-year-season mean square = 
Within herd-year-season sum of squares 
Number of lactations - number of herd-year-season subclasses 
Mean square unselected lactations = 
762,944,622 , 
35,527-1,809 ' 
Mean square selected lactations = 
364.819,054 _ 
8,213-1,522 ~ 1  
, 2M|7^YI^ . .„3 
Heritabilitles 
Heritabilitles for predicted health traits, lactation curve traits, 
classificatory traits, and continuous traits by lactation are in Table 96. 
The relation of heritabilitles of cost to disorders was not consistent 
across health categories. The effect of lactation was not consistent on 
the heritabilitles of health categories. Predicted health traits had low 
heritabilitles in the early lactations. Heritabilitles of total health 
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Table 96. Heritabilities for predicted health traits, lactation curve 
traits, classificatory traits, and continuous traits by 
lactation® 
Heritability (h^) 
Traits 
Lactation Lactation Lactation Lactation 
1 2 3 24 
Predicted health traits 
Total health cost .03 .12 .11 .20 
Total health disorders .02 .11 .05 .26 
Mammary cost .11 ,06 .05 .18 
Mammary disorders .11 .09 .03 .41 
Reproductive cost .01 .09 .07 .01 
Reproductive disorders .01 .06 .07 .02 
Locomotive cost .07 .06 .08 .13 
Locomotive disorders .01 .00 .04 .08 
Other health cost .03 .08 .28 .45 
Other health disorders .04 .09 .10 .11 
Insemination cost .05 .05 .08 .06 
Ins emina t ions .01 .01 .05 .01 
Number of breedings .00 .00 .02 .02 
Lactation curve traits 
Ln a .10 .09 .07 .09 
b .06 .08 .14 .12 
c .14 .13 .17 .16 
Persistency .02 -.03 -.00 .29 
Week of peak yield .02 -.02 .01 .27 
Peak yield .23 .19 .16 .22 
R2 .03 .02 .02 .05 
Classificatory traits 
Production level .27 .19 .14 .13 
Length .04 .04 .05 .01 
Culling rate .03 .01 .04 .01 
Days dry .02 .01 .02 .01 
Calving age .26 .29 .31 1.21 
Continuous traits 
Postpartum length .06 .04 .04 .02 
Mature equivalent milk .27 .21 .16 .15 
^Largest approximate standard error (Swiger et al., 1964) was .07. 
93% of the standard errors were £.02. 
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cost and total health disorders were smallest in first lactation and 
largest in second lactation. Mammary cost and mammary disorders had 
the largest heritabilities of .11 in the first lactation of predicted 
health traits. Heritabilities of mammary cost and mammary disorders 
declined during the first three lactations. Total health cost had the 
largest heritability of .12 in the second lactation of predicted health 
traits. Other health cost had the largest heritability of .28 in the 
third lactation and .45 in the fourth lactation. Heritability of other 
health disorders increased to .10 in the third lactation. Heritabilities 
of reproductive cost and reproductive disorders were similar in each 
lactation. Locomotive cost had slightly higher heritabilities than loco­
motive disorders. Heritabilities of inseminations were similar to 
heritabilities of number of breedings, while heritabilities of insemina­
tion cost were slightly larger. Low heritabilities of the predicted 
health traits were not surprising because the predicted health traits were 
linear combinations of least-squares constants of the classificatory traits 
in Model 3. The expected maximum heritability of the predicted health 
traits was the maximum heritability of the classificatory traits. Herita­
bilities of fourth or greater lactations probably were biased by multiple 
lactations per sire progeny. Different distributions of calving age for 
sire progeny groups easily could increase heritabilities of fourth or 
greater lactations. Repeatabilities of multiple lactations different 
from heritabilities of single lactations could account for a bias in 
heritabilities of fourth or greater lactations. The cow-within'-sire 
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component unaccounted for with Mpdel 8 Inflated several estimates of 
heritabilities of fourth or greater lactations. 
Three estimates of heritabilities of lactation curve traits were 
negative. Two negative estimates were for persistency. Heritabilities 
of In a, b, and c were larger than heritabilities of persistency or week 
of peak yield in the first three lactations. Peak yield, calculated 
from In a, b, and c, had the largest heritabilities of .23 and .19 in the 
first and second lactations of any of the lactation curve traits. Herita-
bility of .17 for c was the largest heritablllty of the lactation curve 
traits in the third lactation. In fourth or greater lactations with 
multiple lactations per cow, persistency had the largest heritablllty of 
2 
.29 of any of the lactation curve traits. Low heritabilities of R 
implied that sire-progeny groups had little influence on accuracy of 
2 fitting lactation curves. High heritabilities of R would have indicated 
that the lactation curve model. Model 7, was inadequate for genetic 
evaluation of lactation curves. Model 7 was adequate for genetic evalua­
tion. The parameter c, indicative of the rate of decline of milk produc­
tion per week of lactation, had larger heritabilities than persistency in 
the first three lactations. Greater opportunity exists for selection on 
c than on persistency. 
Classifying mature-equivalent milk production and postpartum length 
into 20 classes did not change the estimates of heritablllty. The trend 
was for heritablllty estimates of milk production to decline from .27 
in the first lactation to .16 in the third lactation. The largest 
heritablllty estimate of postpartum length was .06 in the first lactation. 
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Heritability estimates of culling rate and days dry, in the current post­
partum length, were less than .05. Heritability estimates of calving 
age increased from .26 in first lactation to .31 in the third lactation. 
The inflated heritability estimate greater than 1.0 of the fourth or 
greater lactations was a consequence of assuming that multiple lactations 
per cow were independent and that sire progeny had an equal distribution 
of calving ages. 
Approximate standard errors were less than or equal to .02 for 93% 
of the heritability estimates. Table 97 contains coefficients and 
degrees of freedom so that standard errors could be calculated by formula 
of Swiger et al. (1964) as given in the Methods. The number of selected 
lactations was N. Sire degrees of freedom was s-1. Error degrees of 
freedom was N-r(X)-s+l. The coefficient of sire mean square was K, aiùit 
was one-quarter of the heritability estimate. 
Genetic and phenotypic correlations 
Cause-and-effect can not be determined from correlations, but the 
magnitude of the relation between two traits can be quantified with a 
correlation. Additionally, the square of a correlation defines the 
percentage of variance in common between two traits. The 27 traits, with 
abbreviations, among which correlations were obtained for four lactations 
are in Table 98. Predicted health traits were to Lactation 
curve traits were X^^ to Xgg. Classificatory traits were X^^^ to Xgg. 
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Table 97. Coefficients, degrees of freedom, unselected and ^selected 
lactations by lactation for California DHIA data 
Lactation 
1 2 3 >4 
Unselected lactations^ 35527 26901 18567 30070 
Selected lactations 18213 16001 11813 16085 
Error degrees of freedom 16368 14136 10027 14195 
Sire degrees of freedom 322 322 322 322 
K, coefficient of sire 
mean square 42.13 37.44 26.98 38.37 
^Approximate standard errors of heritabilities can be calculated from 
information in this table and the heritability (Swiger et al., 1964). 
^Heritability was not calculated for unselected lactations. Number 
of unselected lactations are given to indicate the amount of data reduc­
tion. 
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Table 98. Traits and abbreviations for correlation tables 
Traits Abbreviations 
Total healt cost 
Total health disorders Xg 
Mammary cost X^ 
Mammary disorders X^ 
Reproductive cost X^ 
Reproductive disorders X^ 
Locomotive cost X^ 
Locomotive disorders Xg 
Other health cost Xg 
Other health disorders X^Q 
Insemination cost X^^^ 
Inseminations X, 12 
Ln a X, 
Number of breedings X^2 
14 
b X^3 
^ *16 
Persistency X^^ 
Week of peak yield X^g 
Peak yield X 
X 
19 
20 
Production level X^^ 
Length Xgg 
Culling rate X^^ 
Days dry X^^ 
Calving age X^g 
Mature-equivalent milk Xgg 
Postpartum length X^y 
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Relations with mature-equivalent milk production Genetic and 
phenotypic correlations involving mature-equivalent milk and postpartum 
length are in Tables 99 to 102. Phenotypic correlations involving mature-
equivalent milk in Table 99 were amazingly consistent across lactations. 
The largest change in a correlation occurred between third and fourth or 
greater lactations of .20 to .00 for the phenotypic correlation between 
persistency and mature-equivalent milk. Higher mature-equivalent milk 
production was associated with predicted health categories of lower 
mammary cost, fewer mammary disorders, greater reproductive cost, more 
reproductive disorders, higher locomotive cost, more locomotive disorders, 
higher insemination cost, and more inseminations. Lactation curve traits 
were correlated with mature-equivalent milk production, such that higher 
mature-equivalent milk was associated with higher In a, lower b, lower c, 
and higher peak yield. Additionally, mature-equivalent milk was positively 
correlated with production level, postpartum length, length, days dry, and 
number of breedings. Mature-equivalent milk was negatively correlated 
with culling rate. Although the phenotypic correlation between mature-
equivalent milk production and total health cost was positive .05 in the 
first lactation, the partial correlation, holding postpartum length 
constant, was -.20. Within constant postpartum length, the relation 
between mature-equivalent milk and total health cost was negative, imply­
ing that higher milk production was associated with lower health cost. 
Genetic correlations are explained in terms of relations among 
sire-progeny groups. Relations of mature-equivalent milk and predicted 
health traits had the same trend for phenotypic and genetic correlations. 
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Table 99. Phenotypic correlations involving mature-equivalent milk by 
lactation* 
Trait Lactation 
1 
Lactation 
2 
Lactation 
3 
: Lactation 
>4 
Total health cost .05 -.00 .06 .06 
Total health disorders -.03 —.08 -.03 -.03 
Mammary cost -.22 -.28 -.24 -.23 
Mammary disorders -.33 -.36 -.35 -.28 
Reproductive cost .13 .07 .11 .14 
Reproductive disorders .24 .18 .22 .27 
Locomotive cost .49 .48 .46 .46 
Locomotive disorders .22 .14 .13 .13 
Other health cost .02 .08 .06 .07 
Other health disorders .03 .06 .11 .08 
Insemination cost .47 .53 .52 .53 
Inseminations .25 .25 .25 .29 
Number of breedings .16 .16 .17 .19 
Ln a .53 .47 .45 .47 
b -.13 -.17 -.15 -.11 
c -.34 -.40 -.36 -.29 
Persistency .03 .04 .20 .00 
Week of peak yield .08 .08 .21 .02 
Peak yield .74 .56 .55 .59 
R2 
-.07 -.05 1 o
 
w
 
.04 
Production level .96 .95 .96 .95 
Length .44 .46 .45 .46 
Culling rate -.38 -.39 -.34 —. 31 
Days dry .20 .19 .16 .17 
Calving age -.07 -.03 .01 — • 02 
Postpartum length .52 .56 .54 .56 
[phenotypic correlation] > .04 then (P<.05). 
Table 100. Genetic correlations and standard errors of genetic correlations involving mature-
equivalent milk by lactation 
Trait Lactation 1 Lactation 2 Lactation 3 Lactation >4 
r„ + S.E. r_ + S.E. r„ + S . E. r_ + S.E. G — G — G — G — 
Total health cost .07 .14 -.13 .09 .07 .12 .01 .09 
Total health disorders -.22 .16 -.25 .09 .12 .15 -.09 .08 
Mammary cost -.47 .08 -.50 .12 — .08 .15 -.23 .09 
Mammary disorders -.62 .08 -.51 .10 -.32 .24 -.22 .08 
Reproductive cost 1.18 .61 -.11 .10 .18 .14 .58 .23 
Reproductive disorders 1.40 .82 .02 .11 .31 .13 .65 .18 
Locomotive cost .69 .06 .71 .07 .61 .09 .40 .08 
Locomotive disorders .76 .23 .68 .69 .27 .16 .16 .11 
Other health cost .16 .14 .03 .10 -.06 .09 -.06 .08 
Other health disorders .53 .11 -.10 .10 .05 .12 -.04 .10 
Insemination cost 1.01 .06 .93 .06 .76 .08 .73 .07 
Inseminations 1.37 .88 .65 .25 .40 .13 .65 .22 
Number of breedings 1.93 23.50 .32 .41 .52 .21 .23 .17 
Ln a .60 .06 .63 .07 .64 .10 .70 .06 
b .16 .10 — .16 .10 —. 20 .11 .02 .10 
c -.37 .08 -.45 .09 -.40 .11 -.15 .09 
Persistency .38 .17 0 0 0 0 -.02 .08 
Week of peak yield .81 .19 0 0 1.14 .50 -.00 .08 
Peak yield .87 .02 .66 .05 .55 .07 .67 .05 
R2 
-.02 .13 -.95 .29 -.76 .25 -.37 .12 
Production level 1.00 .00 .99 .00 1.00 .00 .98 .00 
Length .87 .08 .60 .10 .65 .11 .77 .20 
Culling rate — .86 .17 -.96 .41 -.40 .21 -.30 .25 
Days dry .39 .14 .11 .22 .33 .22 -.15 .23 
Calving age -.31 .07 -.23 .08 -.13 .09 -.13 .07 
Postpartum length .83 .05 .69 .08 .66 .11 .72 .14 
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Table 101. Phenotypic correlations involving postpartum length by 
lactation* . 
Trait Lactation 
1 
Lactation 
2 
Lactation 
3 
Lactation 
>4 
Total health cost .40 .19 .24 .24 
Total health disorders .35 .16 .21 .18 
Mammary cost -.07 -.17 -.17 -.17 
Mammary disorders -.17 -.24 -.25 -.23 
Reproductive cost .55 .31 .35 .39 
Reproductive disorders .66 .48 .51 .54 
Locomotive cost .32 .36 .33 .33 
Locomotive disorders .14 .10 .08 .08 
Other health cost .19 .24 .14 .21 
Other health disorders .31 .31 .35 .33 
Insemination cost .75 .67 .67 .69 
Inseminations .73 .59 .58 .62 
Number of breedings .48 .34 .33 .36 
Ln a .16 .14 .11 .11 
b -.19 — .16 -.13 -.13 
c -.34 -.31 -.27 — .26 
Persistency .04 .03 .14 .01 
Week of peak yield .09 .05 .12 .02 
Peak yield .19 .15 .13 .13 
R2 
-.14 -.03 -.01 .03 
Production level .49 .55 .54 .55 
Length .90 .91 .91 .92 
Culling rate -.34 -.50 — .46 -.45 
Days dry .43 .55 .53 .51 
Calving age -.01 .04 .06 .01 
Mature-equivalent milk .52 .56 .54 .56 
^If [phenotypic correlation] >.04 then (P<.05). 
Table 102. Genetic correlations and standard errors of genetic correlations involving postpartum 
length by lactation 
Trait Lactation 1 Lactation 2 Lactation 3 Lactation >4 
r_ + S.E. + S.E. r_ + S.E. r_ + S.E. 
G — G— G— G — 
Total health cost .10 .19 .14 .14 .05 .18 .06 .17 
Total health disorders -.17 .21 .07 .14 .06 .23 -.04 .16 
Mammary cost -.33 .12 -.33 .19 -.58 .26 -.19 .19 
Mammary disorders -.51 .12 —. 26 .16 -.89 .43 -.17 .16 
Reproductive cost .63 .29 .22 .14 .44 .18 .20 .39 
Reproductive disorders 1.12 .49 .36 .15 .57 .15 .48 .27 
Locomotive cost .73 .09 .80 .12 .60 .16 .60 .17 
Locomotive disorders .71 .28 1.26 1.25 .27 .25 .37 .21 
Other health cost .31 .18 .31 .14 -.02 .14 .08 .15 
Other health disorders .46 .13 .23 .14 .06 .18 .03 .20 
Insemination cost .88 .05 .82 .08 .78 .10 .71 .13 
Inseminations 1.31 .64 .86 .21 .66 .14 .65 .24 
Number of breedings 1.81 21.34 .96 .81 . 66 .26 .16 .34 
Ln a .46 .11 .29 .14 .20 .21 .14 .20 
b -.05 .14 -.55 .17 -.18 .17 -.11 .19 
c -.47 .12 —.68 .16 -.33 .18 -.32 .20 
Persistency .49 .24 0 0 0 0 -.10 .16 
Week of peak yield .82 .23 0 0 .77 .49 -.08 .16 
PMk yield 
R'^  
.62 .08 .19 .13 .12 .16 .17 .17 
-.14 .19 -1.02 .39 —.16 .32 —. 60 .26 
Production level .84 .06 .69 .08 .71 .11 .80 .14 
Length 1.00 .02 .92 .03 .94 .03 1.01 .05 
Culling rate -1.15 .26 -1.14 .65 -.51 .36 -.65 .63 
Days dry .76 .15 .47 .26 .72 .22 -.27 .41 
Calving age -.11 .10 .07 .12 —.06 .14 .04 .14 
Mature-equivalent milk .83 .05 .69 .08 . 66 .11 .72 .14 
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Sire-progeny groups associated with higher mature-equivalent milk 
2 production had higher In a, lower c, higher peak yield, lower R , lower 
culling rate, more days dry, lower calving age, and longer postpartum 
length. 
Relations with postpartum length All predicted health traits 
except mammary cost and mammary disorders were positively phenotypically 
correlated with postpartum length in Table 101. Postpartum length was 
the major component of most predicted health traits. Phenotypic correla­
tions involving postpartum length were positive with number of breedings. 
In a, peak yield, and days dry, and were negative with b, c, and culling 
rate. Terminal lactations tended to be shorter than nonterminal lacta­
tions. Large c, associated with rapidly declining lactations curves was 
associated with shorter postpartum length. Mammary cost, mammary dis-
2 
orders, b, c, R , and culling rate were negatively genetically correlated 
with postpartum length in Table 102. Positive genetic correlations were 
obtained between postpartum length and reproductive cost, reproductive 
disorders, locomotive cost, locomotive disorders, insemination cost, 
inseminations, number of breedings. In a, and peak yield. Genetic 
correlations between c and postpartum length were larger negatives than 
phenotypic correlations between c and postpartum length in all lactations. 
Low peak yields and large c were associated with shorter postpartum 
length. Cows associated with high peak yields had longer postpartum 
length. 
Relations among predicted health traits Phenotypic correlations 
among predicted health traits and number of breedings for first through 
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fourth or greater lactations are In Tables 103 to 106. Phenotyplc 
correlations between cost and disorders within category were high in all 
lactations. In general, genetic correlations between cost and disorders 
within category also were high. Most phenotyplc correlations among 
predicted health traits were positive. Total health cost and total 
health disorders were highly phenotypically correlated with most health 
categories. Locomotive cost and locomotive disorders had the smallest 
phenotyplc correlations with total health cost and total health disorders 
except for the phenotyplc correlation of .28 between mammary cost and 
total health cost in the third lactation. Insemination cost and 
inseminations were not part of total health cost or total health dis­
orders. Phenotyplc correlations between total health categories and 
insemination categories were greater than .50, and as large as .77 between 
inseminations and total health cost in the first lactation. Reproductive 
categories were phenotypically correlated with insemination categories and 
number of breedings greater than .48 in all lactations. Phenotyplc 
correlations between inseminations and number of breedings decreased from 
.65 in first lactation to .54 in fourth or greater lactations. Locomotive 
cost was negatively phenotypically correlated with mammary cost for 
second and later lactations. 
Genetic correlations among predicted health traits and number of 
breedings for first through fourth or greater lactations are in Tables 103 
to 106, also. Standard errors of correlations involving number of breed­
ings with predicted health traits, given in Tables 119 and 120, were 
large. Only genetic correlations involving number of breedings with' 
Table 103. Genetic correlations (above diagonal) and phenotypic 
correlations (below diagonal) among predicted health categories 
and number of breedings for first lactation* 
. . *1 %2 S ^4 
Total health cost 
"i - .91 .89 .78 
Total health disorders X, .94 - .94 .91 
Mammary cost .65 .61 - .98 
Mammary disorders & .58 .69 .81 -
Reproductive cost .71 .68 .01 .04 
Reproductive disorders .78 .77 .13 .12 
Locomotive cost .25 .14 .02 -.10 
Locomotive disorders .29 .28 .01 -.01 
Other health cost S .59 .60 .30 .47 
Other health disorders 
^10 .47 .48 .12 .02 
Insemination cost 
^11 
.73 .67 .11 .05 
Inseminations Xl2 .77 .73 .15 .11 
Number of breedings 
*13 .52 .51 .12 .10 
^If 1phenotypic correlation] > .04 then (P < .05). Standard errors 
of genetic correlations are in Table 119. 
167 
%6 ^7 *9 *10 ^11 %12 =13 
-1.62 -.28 .87 .56 1.05 -.71 .17 -.02 .15 
-1.77 -.63 .56 .36 1.01 -.62 -.15 — .48 -1.01 
-1.60 -.71 .27 -.06 .67 - .86 -.33 -.47 .56 
-1.61 -.93 .09 -.15 .58 -.82 -.52 -.77 -.45 
- .29 .27 .68 -.55 1.36 .60 -.22 —6.65 
.95 - 1.20 1.36 .57 .84 1.17 .91 -2.70 
.04 .22 - .86 .74 -.17 .92 1.47 3.70 
.15 .27 .79 - .69 .11 .94 1.42 5.27 
.28 .33 .18 .19 - -.35 .44 .84 2.70 
.53 .47 -.17 -.01 .46 - .45 .61 -.43 
.83 .91 .30 .23 .41 .48 - 1.18 1.39 
.90 .95 .18 .19 .34 .50 .95 - — .66 
.60 .63 .12 .15 .24 .36 .62 .65 _ 
Table 104. Genetic correlations (above diagonal) and phenotypic correla­
tions (below diagonal) among predicted health categories and 
number of breedings for second lactation® 
^2 S ^4 
Total health cost - .98 .90 .88 
Total health disorders .96 - .94 .94 
Mammary cost .69 .67 - .98 
Mammary disorders .70 .80 .82 -
Reproductive cost .88 .84 .33 .44 
Reproductive disorders ==6 .83 .82 .27 .35 
Locomotive cost .25 .17 -.23 -.23 
Locomotive disorders >=8 .30 .30 -.07 -.01 
Other health cost .66 .65 .29 .49 
Other health disorders 
"lO .75 .72 .51 .46 
Insemination cost .54 .50 .05 .02 
Inseminations 
*12 
.57 .58 .13 .12 
Number of breedings 
^13 .41 .42 .14 .15 
^If jphenotypic correlation} 
genetic correlations are in Table 
>.04 then 
119. 
(P<.05). Standard errors of 
'5 
98 
97 
84 
84 
96 
27 
27 
51 
61 
69 
75 
48 
13 
59 
70 
73 
58 
47 
68 
20 
49 
65 
96 
59 
06 
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*6 *7 ^8 *9 *10 *11 *12 
.96 .52 1.26 1.00 1.00 .12 .12 
.95 .41 1.14 .96 .96 .02 .12 
.77 .14 .82 .90 .88 -.24 -.13 
.77 .12 .75 .84 .82 -.27 -.14 
.97 .53 1.26 .97 1.01 .13 .14 
- .64 1.45 .95 .97 .29 .35 
.35 - 1.46 .64 .51 .74 .40 
.34 .81 - 1.34 1.32 .60 -.13 
.47 .22 .22 - .96 .30 .31 
.59 .09 .06 .72 - .23 .39 
00
 
o
 
.31 .19 .38 .47 - .86 
.85 .18 .19 .28 .45 .92 -
.54 .13 .15 .21 .32 .55 .59 
Table 105. Genetic correlations (above diagonal) and phenotyplc 
correlations.(below diagonal) among predicted health 
categories and number of breedings for third lactation^ 
4 ^2 *3 ^4 
Total health cost - .90 —.86 .10 
Total health disorders =^2 .90 - -.63 .32 
Mammary cost .28 .42 - .33 
Mammary disorders .51 .71 .72 -
Reproductive cost .81 .80 .04 .26 
Reproductive disorders .79 .81 .05 .22 
Locomotive cost .27 .12 -.42 -.36 
Locomotive disorders 
"s 
.32 .30 -.20 -.08 
Other health cost .72 .48 -.24 .18 
Other health disorders 
^10 
.78 .67 .14 .29 
Insemination cost 
^11 .61 .62 .03 .05 
Inseminations 10
 
1 
.63 .71 .15 .17 
Number of breedings 
W
 
1 
.42 .47 .12 .16 
^If [phenotyplc correlation] 
genetic correlations are in Table 
>.04 then 
120. 
(P<.05). Standard errors of 
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*5 =6 *7. *8 *9 *10 *11 *12 *13 
,87 .76 .79 .88 .95 .92 .34 .26 .24 
.96 .90 .63 .69 .73 .74 .57 .57 .33 
-.73 -.61 -.78 -.76 -.91 -.94 -.19 -.07 -.05 
.08 .01 -.50 -.32 .03 -.13 -.15 -.03 -.47 
- .98 
GO 00 
.69 .72 .66 .68 .61 
.96 - .76 .70 .54 .62 .80 .81 .73 
.22 .32 - .91 .68 .79 .67 .40 .45 
.26 .33 .82 - .79 00
 
.45 .26 .11 
.42 .37 .33 .25 - .95 .06 -.05 —, 06 
.56 .56 .13 .09 .72 - .25 .13 .15 
.80 .87 .30 .19 .23 .51 - .89 1.00 
.87 .92 .18 .19 .14 
00 
.93 - 1.06 
.51 .55 .14 .15 .13 .33 .53 .57 -
Table 106. Genetic correlations (above diagonal) and phenotypic correla­
tions (below diagonal) among predicted health categories and 
number of breedings for fourth or greater lactations* 
Total health cost 
Total health disorders 
Mammary cost 
Mammary disorders 
Reproductive cost 
Reproductive disorders 
Locomotive cost 
Locomotive disorders 
Other health cost 
Other health disorders 
Insemination cost 
Inseminations 
Number of breedings 
^1 %2 ^3 ^4 
- 1.00 .93 .96 
.95 - .96 .98 
X3 .67 .65 - 1.00 
.68 .79 .82 -
.75 .68 .14 .19 
"6 
.75 .70 .12 .16 
.15 .12 -.28 — .19 
Xg .26 .28 -.11 .01 
X, .61 .65 .33 .57 
==10 .67 .64 .47 .40 
''ll 
.69 .60 .10 .09 
*12 .72 .66 .14 .13 
W
 .43 .41 .12 .11 
^If Iphenotypic correlation] >.04 then (P <.05). Standard errors of 
genetic correlations are in Table 120. 
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^5 ^7 %8 S *10 *11 ^12 ^13 
.09 .34 .81 .87 1.00 .99 .59 .37 .21 
.01 .25 .78 .87 1.00 .98 .50 .28 .17 
-.25 -.04 .57 .68 .96 .94 .31 .03 .21 
— .18 .05 .65 .78 .97 .95 .33 .08 .16 
- .91 .41 .26 .01 .20 .72 .85 -.09 
.96 - .74 .59 .27 .36 .90 .97 -.02 
.13 .27 - .98 .80 .71 .80 .72 .25 
.19 .29 .83 - .88 .77 .65 .53 .09 
.26 .29 .18 .20 - .97 .53 .31 .22 
.44 .47 -.05 -.04 .66 - .60 .45 .27 
.81 .88 .31 .20 .42 .55 - .93 .25 
.91 .95 .20 .19 .31 .53 .94 - .01 
.50 .53 .15 .14 .20 .33 .51 .54 — 
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reproductive cost, reproductive disorders. Insemination cost, and in­
seminations in the third lactation were more than two standard errors 
from zero. The four significant genetic correlations involving number 
of breedings were positive. Genetic correlations between total health 
cost and total health disorders were greater than .90 in all lactations. 
Genetic correlations of total health cost and total health disorders with 
locomotive cost and other health cost were highly positive in all lacta­
tions. Mammary cost was positively genetically correlated with total 
health cost and total health disorders in all but the third lactation 
where the genetic correlations were highly negative. Reproductive cost 
had negative genetic correlations to total health cost and total health 
disorders in the first lactation but positive genetic correlations in the 
second and third lactations. Additionally, total health cost and total 
health disorders had positive genetic correlations with mammary disorders 
in the first, second, and fourth or greater lactations; reproductive 
disorders in the second and third lactations; locomotive disorders in the 
third or greater lactations; other health disorders in the second or 
greater lactations; and insemination cost in the third or greater lacta­
tions. Other health disorders were negatively genetically correlated with 
total health cost and total health disorders in the first lactation. 
Relations among lactation curve traits and classificàtory traits 
Genetic and phenotypic correlations among lactation curve traits and 
classificatory traits for first through fourth or greater lactations 
are in Tables 107 to 110. Phenotypic correlations Involving In a with 
b, persistency, week of peak yield, and culling rate were negative in all 
Table 107. Genetic correlations (above diagonal) and phenotypic 
correlations (below diagonal) among lactation curve traits and 
classificatory traits for first lactation^ 
Xl4 %15 ^16 *17 
Lactation curve traits 
Ln a 
^14 - .02 .15 -.19 
b 
^15 
-.49 - .62 -.33 
c 
^16 -.09 .76 - -.68 
Persistency 
^17 
-.06 -.06 -.13 -
Week of peak yield 
^18 -.19 .02 -.18 .90 
Peak yield 
^19 
.65 .21 .21 -.03 
^20 —. 08 .41 .37 -.10 
Classificatory traits 
Production level 
^21 .52 -.12 -.32 .03 
Length 
^22 .14 -.17 -.29 .04 
Culling rate 
^23 -.14 .08 .18 -.01 
Days dry 
=24 .08 -.03 —. 08 .00 
Calving age 
%25 .10 .03 .07 -.00 
[phenotypic correlation]>.04 then (P<.05). Standard errors of 
genetic correlations are in Table 121. 
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18 .*19 
X 20 21 22 '23 X 24 X 25 
.23 
.16 
.98 
.94 
.02 
.06 
.82 
.40 
.04 
.03 
.23 
.19 
.47 
.67 
.75 
-.72 
-1.08 
.41 
.60 
.16 
.36 
.39 
.84 
.87 
.02 
.57 
.00 
.39 
.44 
.73 
.72 
.04 
-.23 
— .08 
.53 
-.43 
-.83 
-.57 
.16 
.11 
.21 
.12 
.21 
.27 
.29 
.14 
.03 
.04 
.15 
.12 
.12 
.10 
.16 
.08 
.08 
.02 
.00 
.02 
.72 
.15 
.18 
.09 
.12 
- .06  
- .13 
.02 
.00 
.04 
.43 
.35 
.18 
.07 
.89 
.25 
.36 
.00 
-.85 
-1.11 
-.75 
.05 
.39 
.83 
— .66 
—. 03 
.31 
-.13 
.32 
.26 
Table 108. Genetic correlations (above diagonal) and phenotypic correla^ 
tions (below diagonal) among lactation curve traits and 
classificatory traits for second lactation* 
X 
14 
X 
15 
X 16 X 17 
Lactation curve traits 
Ln a 
^14 
- .27 .24 -
b 
^15 
-.30 - .89 — 
c 
^16 
.01 .83 - -
Persistency 
^17 
-.11 -.04 -.12 -
Week of peak yield 0
0 
-.22 .09 -.09 .97 
Peak yield 
^19 
.69 .38 .40 -.05 
^20 .20 .09 .20 -.07 
Classificatory traits 
Production level 
^21 
.43 -.18 -.40 .05 
Length 
^22 
.11 -.14 -.26 .03 
Culling rate 
^23 
-.11 .05 .16 -.01 
Days dry 
^24 
.08 .04 -.00 -.01 
Calving age 
=25 .06 -.01 -.03 -.01 
1phenotypic correlation!>.04 then (P<.05). Standard errors of 
genetic correlations are in Table 121. 
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18 X 19 X 20 21 22 23 '24 X 25 
.92 
.53 
.35 
.07 
.42 
.83 
.61 
-.19 
—. 48 
.22 
-.39 
-.54 
-.21 
.85 
1.07 
.19 
.33 
.26 
.10 
.03 
.03 
.03 
.06 .16 
-.18 .63 
-1.02 
.20  
-1.01 
-.14 
1.73 
.30 
.55 
.10 
.16 
.08 
.04 
.03 
.00 
.01 
.51 
.12 
.15 
.13 
.07 
.05 
.03 
.00 
.03 
.00 
.46 
-.40 
.19 
- .02  
.59 
-.38 
.49 
.05 
-.96 
- .82  
-.78 
.04 
.12 
.44 
.16 
-.02 
.22 
.09 
.34 
.23 
Table 109. Genetic correlations (above diagonal) and phenotypic correla­
tions (below diagonal) among lactation curve traits and 
classificatory traits for third lactation^ 
%14 %15 *16 =17 
Lactation curvé traits 
Ln a 
^14 
- -.03 .01 -
b 
^15 
-.34 - .93 -
c 
^16 
-.00 .83 - -
Persistency 
^17 
-.31 -.12 -.37 -
Week of peak yield 
^18 -.49 .23 -.17 .84 
Peak yield 
^19 
.66 .39 .43 -.19 
^20 
.22 .06 .18 —. 31 
Classificatory traits 
Production level X21 .43 -.16 -.35 .19 
Length 
^22 
.09 -.11 -.23 .13 
Culling rate 
^23 — • 11 .03 .11 -.02 
Days dry 
%24 
.08 .05 .03 -.04 
Calving age 
^25 
-.01 -.02 — .06 .05 
^If jphenotypic correlation|>.04 then (P<.05). Standard errors of 
genetic correlations are in Table 122. 
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18 19 
X 
20 
X 
21 
X 22 23 24 25 
.19 
.05 
.58 
.73 
.59 
.48 
-.10 
.14 
.49 
.61 
-.21 
-.42 
.24 
.07 
.23 
.22 
.62  
.54 
.54 
.01 
.13 
.15 
.05 
.10 
.37 -2.89 1.16 .82 -.10 -.52 .40 
.09 - -.29 .53 .24 .23 .27 -.11 
.19 .17 - -.79 -.17 -.10 .64 -.20 
.19 
.11 
.03 
.01 
.05 
.52 
.11 
.15 
.13 
.01 
-.03 
- .01 
-.05 
.07 
-.03 
.45 
-.35 
.17 
.02 
.71 
.36 
.48 
.07 
.44 
.32 
.78 
.03 
.37 
.60 
-.37 
-.01 
.09 
.03 
.11 
.31 
Table 110. Genetic correlations (above diagonal) and phenotypic correla­
tions (below diagonal) among lactation curve traits and 
classificatory traits for fourth or greater lactations 
Lactation curve traits 
Ln a 
^14 
— .34 .40 -.80 
b 
^15 
-.33 - .93 -.09 
c 
^16 
.04 .82 - -.10 
Persistency 
^17 
-.07 -.03 -.09 -
Week of peak yield 
^18 
-.16 .05 -.07 .99 
Peak yield 
^19 
.68 .38 .45 -.03 
^20 
.22 .08 .18 -.05 
Classificatory traits 
Production level 
^21 
.45 -.10 —. 28 .00 
Length 
^22 
.09 -.12 -.23 .02 
Culling rate 
^23 
-.11 .00 .06 .00 
Days dry 
^24 
.08 .06 .04 -.01 
Calving age 
^25 
-.07 -.05 -.09 .01 
^If 1phenotypic correlation 1> .04 then (P<.05). Standard errors of 
genetic correlations are in Table 122. 
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^18 : %19 ... ^ 20 ^21 *22 *23 *24 *25 
— .08 .88 .25 .66 .20 -.03 .14 -.37 
-.07 .68 .44 .03 -.15 -.03 1.09 -.10 
-.11 .60 .69 -.15 — .36 .03 1.09 -.25 
1.00 — .05 .07 -.04 — .08 -.05 - .13 -.04 
- - .04 ,04 — .02 -.07 -.05 -.12 -.01 
-.03 - .20 .65 .21 -.05 .49 -.23 
-.05 .20 - — .38 -.58 -.01 .58 -.27 
.02 .55 .04 - .84 — .31 — «12 -.10 
.02 .10 .02 .46 - -.53 -.43 .12 
-.00 -.15 -.06 -.31 -.38 - -.49 .42 
i-H O
 1 .13 .08 .17 .47 — .81 - -.72 
.01 — .08 —. 08 -.02 .03 .08 -.07 
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lactations. Phènotypic correlations involving In a with peak yield, 
production level, length, and days dry were positive in all lactations. 
Genetic and phenotypic correlations between b and c were highly positive 
in all lactations. Phenotypic and genetic correlations, where estimable, 
were large and positive between persistency and week of peak yield. 
Genetic correlations involving persistency in the second and third 
lactation were not estimable because a slightly negative sire component of 
variance had been obtained. Also, the sire component of variance for 
week of peak yield was negative in the second lactation making genetic 
correlations involving week of peak yield not estimable in the second 
lactation. Phenotypic and genetic correlations of persistency with In 
a, b, and c were slightly negative in all lactations. Phenotypic correla­
tions of persistency and c, two estimates of decline of lactation curve, 
with lactation curve traits and classificatory traits were generally of 
opposite sign in all lactations. Phenotypic correlations of persistency 
with the classificatory traits were quite small. Among the classificatory 
traits, phenotypic correlations were consistent across lactations. Culling 
rate was negatively phenotypically correlated with production level, 
length, and days dry. Production level and length were positively 
correlated in all lactations and were positively correlated to days dry. 
Similarities of genetic correlations among lactation curve traits and 
classificatory traits from Table 107 to 110 for all lactations will be 
described. Peak yield was positively genetically correlated with In a, 
b, and production level in all lactations. Production level was positively 
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genetically correlated with In a and length. The lactation curve paramo 
2 
eter c was positively genetically correlated with R in all lactations. 
Greater accuracy was associated with more rapidly declining lactation 
curves» which may be a function of greater accuracy in old cows with more 
rapidly declining lactation curves than young cows with lower accuracy 
and flatter curves. 
Relations among predicted health traits and lactation curve traits 
Phenotypic correlations among predicted health traits and number of 
breedings and lactation curve traits and classificatory traits for first 
through fourth or greater lactations are in Tables 111 to 114. Most 
correlations involving predicted health categories and lactation curve 
traits were small and fairly consistent across lactations. The predicted 
health trait of inseminations behaved like number of breedings in correla­
tions with lactation curve traits. Correlations of production level, 
length, and days dry with inseminations and number of breedings were 
larger for correlations involving predicted inseminations. 
Calving age was positively phenotypically correlated with total 
health cost, total health disorders, mammary disorders, locomotive cost, 
locomotive disorders, other health cost, and other health disorders in all 
lactations. Calving age was positively correlated to mammary cost in 
all but the third lactation, and positively correlated to reproductive cost 
in all but the first lactation. Why older-calving third lactation cows 
were associated with less mammary cost than younger cows in the third 
lactation was not known. Young first calf heifers may be associated with 
Table 111. Fhenotyplc correlations among predicted health categories and 
number of breedings and lactation curve traits and classlflca-
tory traits for first lactation^ 
^14 *15 *16 ^17 
Total health cost 
^1 
.07 -.04 -.04 .02 
Total health disorders 
^2 
.02 -.03 -.01 .02 
Mammary cost S .02 .05 .13 -.01 
Mammary disorders 
-4 
-.03 .07 .17 -.02 
Reproductive cost -.01 -.10 -.14 .04 
Reproductive disorders .06 -.12 -.18 .04 
Locomotive cost 
^7 
.29 -.07 -.17 .02 
Locomotive disorders 
^8 
.12 -.04 -.10 .02 
Other health cost S .07 .02 .05 .01 
Other health disorders 
^10 
-.04 — .03 -.01 .02 
Insemination cost 
^11 
.20 — .13 -.24 .04 
Ins emlnatlons 
^12 
.06 -.13 -.21 .04 
Number of breedings 
^13 .05 -.09 -.13 .02 
^If jphenotyplc correlation] >.04 then (P<.05). 
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00 
^19 *20 *21 *22 *23 *24 *25 
.04 .09 -.05 .08 .51 .49 -.22 .33 
.03 .02 -.04 -.01 .48 .53 -.18 .26 
— .03 .01 .04 -.17 -.01 .34 -.16 .57 
-.04 -.05 .06 -.32 -.10 .43 -.16 .54 
.07 -.02 -.11 .11 .63 .44 -.21 -.21 
O
 
00
 
.07 -.12 .22 .76 .36 -.10 -.02 
.05 .40 -.02 .50 .33 -.19 .14 .35 
.03 .16 -.02 .26 .23 .09 -.10 .09 
-.01 .11 .01 .10 .30 .17 -.01 .31 
.03 -.05 -.05 .11 .41 .23 -.07 -.35 
.08 .26 — .12 .46 .81 .23 — .06 .03 
.07 .06 — .12 .23 .78 .34 -.10 .01 
.04 .04 — .08 .16 .53 .22 -.07 .00 
Table 112. Phenotypic correlations among predicted health categories and 
number of breedings and lactation curve traits and classifi-
catory traits for second lactation® 
*14 %15 %16 *17 
Total health cost .05 -.05 -.05 .00 
Total health disorders =^2 .02 — .02 .00 -.01 
Mammary cost -.04 .04 .11 -.01 
Mammary disorders -.05 .07 .17 -.03 
Reproductive cost 
S 
.04 -.08 -.10 .00 
Reproductive disorders ==6 .07 -.09 -.14 ,01 
Locomotive cost X, .23 -.08 . -.21 .00 
Locomotive disorders X» .08 -.03 -.07 -.01 
Other health.cost X, .04 -.04 — .06 .03 
Other health disorders 
1^0 
-.00 — .08 -.10 .07 
Insemination cost ==11 .18 -.16 -.28 .04 
Inseminations .05 -.12 — .18 .02 
Number of breedings =^3 .04 — .07 -.10 .01 
^If Iphenotypic correlation] >.04 then (P<.05). 
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00
 
^19 *20 *21 
CM 
=23 *24 ^25 
o
 
o
 
.04 -.03 .00 .31 .44 -.20 . 66 
-.01 .00 -.01 -.09 .31 .48 -.16 .59 
-.02 -.07 -.01 -.25 -.09 .39 -.18 .38 
-.05 -.07 .01 -.36 -.13 .46 -.17 .48 
O
 
o
 .03 -.03 .02 .43 .46 -.25 .55 
.01 .07 -.02 .15 .61 .37 -.10 .43 
.02 .28 -.01 .50 .35 -.19 .15 .31 
.00 .09 -.00 .19 .18 .13 -.10 .21 
.04 .06 -.02 .14 .32 .04 .08 .55 
.07 -.00 -.04 .11 .39 .16 -.03 .53 
.05 .20 -.05 .51 .74 .17 -.04 .04 
.02 .02 -.03 .22 .68 .36 -.11 -.01 
.01 .03 -.01 .14 .41 .23 -.06 .04 
Table 113. Phenotypic correlations among predicted health categories 
and number of breedings and lactation curve traits and 
classificatory traits for third lactation^ 
*14 %15 %16 ^17 
Total health cost 
^1 .01 
-.06 -.09 .09 
Total health disorders -.02 -.03 -.04 .06 
Mammary cost 
-3 -.04 .03 .10 -.03 
Mammary disorders 
^4 
-.08 .06 .14 -.05 
Reproductive cost 
S 
-.02 —. 08 -.13 .11 
Reproductive disorders .02 -.09 -.16 .11 
Locomotive cost 
^7 
.20 — .06 -.17 .08 
Locomotive disorders Xg .08 -.04 — .07 .03 
Other health cost Xg .01 1
 b
 
u>
 
-.07 .07 
Other health disorders \o -.00 — .06 — .09 .10 
Insemination cost 
^11 
.14 -.14 -.26 .18 
Inseminations 
^12 
.01 -.10 -.18 .12 
Number of breedings 
^13 .02 -.06 -.10 .08 
^If 1phenotypic correlation} >.04 then (P<.05). 
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00
 
%19 
o
 
CM 
X
 
*21 ^22 ^23 =24 ^25 
CO o
 .00 -.06 .07 .35 .44 -.20 .64 
.04 -.03 -.05 -.03 .38 .54 -.18 .36 
1 o
 
—.08 .00 -.21 -.10 .35 -.15 -.28 
-.05 -.10 -.01 -.35 -.13 .49 -.16 .09 
00 o
 -.03 -.07 .08 .47 .53 -.30 .35 
o
 
vo
 
.02 -.05 .20 .63 .41 -.14 .29 
.09 .25 -.01 .48 .34 -.17 .15 .32 
.03 .08 -.02 .18 .18 .14 -.10 .23 
.06 .03 -.04 .08 .18 .03 .03 .96 
00 o
 -.01 -.05 .16 .42 .15 -.01 .60 
.15 .17, -.06 .51 .73 .23 -.07 .10 
o
 
1—1 
.00 -.05 .23 .67 .40 -.15 .04 
.07 .02 -.01 .16 .40 .23 -.06 .06 
Table 114. Phenotypic correlations among predicted health categories and 
number of breedings and lactation curve traits and classifica-
tory traits for fourth or greater lactations* 
*14 %15 =16 ^17 
Total health cost 
^1 
-.02 -.09 -.12 .01 
Total health disorders —. 06 -.07 -.09 .00 
Mammary cost 
S 
-.07 -.01 .03 -.00 
Mammary disorders 
-4 
-.11 .01 .05 -.00 
Reproductive cost -.01 -.11 -.15 .01 
Reproductive disorders .03 -.11 -.18 .01 
Locomotive cost .18 -.05 -.15 -.01 
Locomotive disorders 
^8 
.05 -.02 — .07 -.00 
Other health cost Kg -.04 -.06 -.09 .03 
Other health disorders 
^10 
-.05 -.09 -.12 .03 
Insemination cost 
^11 .14 
-.15 -.27 .02 
Inseminations 
^12 
.03 -.13 -.21 .01 
Number of breedings 
%13 
.03 -.07 -.12 .00 
^If [phenotypic correlation] >.04 then (P<.05). 
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00 
*19 *20 *21 *22 *23 *24 *25 
.01 -.05 -.07 .07 .35 .53 -.29 .43 
.01 —. 08 -.07 -.03 .31 .53 -.24 .50 
-.00 -.10 -.07 -.20 -.10 .38 -.21 .38 
-.01 -.13 —. 08 -.29 -.14 .44 -.20 .60 
.01 -.04 -.03 .11 .48 .53 -.32 .02 
.01 .02 -.01 .24 .64 .41 -.16 .06 
.00 .23 .02 .48 .32 -.15 .13 .27 
o
 
o
 
.06 .00 .17 .15 .16 — .13 .23 
.03 -.04 -.07 .13 .29 .08 .03 .62 
.04 -.07 -.06 .14 .41 .19 — .06 .30 
.03 .16 -.02 .53 .72 .23 -.10 .13 
.02 .00 — .02 .28 .67 .38 -.16 .06 
.01 .02 .02 .18 .40 .18 -.03 .05 
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more dystocia and therefore more reproductive cost than older first calf 
heifers. Days dry was negatively phenotypically correlated to total 
health cost, total health disorders, mammary cost, mammary disorders, 
reproductive cost, reproductive disorders, and locomotive disorders in 
all lactations. Length was positively phenotypically correlated with 
all health categories except mammary in all lactations. Phenotypic 
correlations of production level with total health cost and total health 
disorders were within .09 of zero in all lactations. The major categories 
of total health cost and total health disorders were mammary and repro­
duction which had phenotypic correlations of opposite sign with produc­
tion level. Mammary cost and mammary disorders were negatively pheno­
typically correlated with production level in all lactations. Reproduc­
tive cost and reproductive disorders were positively phenotypically 
correlated with production level. 
Genetic correlations among predicted health categories and number 
of breedings and lactation curve traits and classificatory traits for 
first through fourth or later lactations are in Tables 115 to 118. Genetic 
correlations of total health cost and lactation curve traits changed sign 
from positives in the first lactation to all negatives in fourth or later 
lactations. Several genetic correlations of the first lactation were 
greater than 1.00. The number of abnormally large genetic correlations 
declined in second and later lactations. Negative sire components 
inhibited estimating genetic correlations involving persistency in the 
second and third lactations or week of peak yield in the second lactation. 
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Calving age was positively genetically correlated with total health 
cost, mammary cost, locomotive cost, other health cost, and other health 
disorders in all lactations. Culling rate was positively genetically 
correlated with mammary cost and mammary disorders in all lactations. 
Length was positively genetically correlated with reproductive disorders, 
locomotive cost, insemination cost, and Inseminations in all lactations. 
Production level and peak yield were positively genetically correlated 
with locomotive cost and insemination cost in all lactations. Insemina­
tion cost was positively genetically correlated with In a in all lacta­
tions. Genetic correlations of mammary disorders with c were positive in 
the first three lactations but negative in the fourth or greater lacta- , 
tiens. Additional genetic correlations of Tables 115 to 118 deviate from 
zero by more than two standard deviations of Tables 123 to 126 but 
significance was not obtained in all lactations. 
Standard errors of genetic correlations Approximate standard 
errors of genetic correlations are in Tables 119 to 126. Approximate 
standard errors of genetic correlations greater than 1.00 are reported, 
although Tallis (1959) had assumed that 1.00 was the maximum genetic 
correlation in deriving formula of standard error. Standard errors of 
genetic correlations involving number of breedings implied that genetic 
correlations involving number of breedings were subject to large sampling 
variations making interpretations difficult, particularly for first 
lactations. Genetic correlations deviated from zero by two or more 
Table 115. Genetic correlations among predicted health categories and 
number of breedings and lactation curve traits and class-
Iflcatory traits for first lactation® 
^14 ^15 ^16 ^17 
Total health cost 
"i .44 .10 .21 .31 
Total health disorders .25 .13 .36 .05 
Mammary cost -.09 .11 .35 .04 
Mammary disorders & -.18 .06 .38 -.11 
Reproductive cost =^5 .85 -.11 -.39 .22 
Reproductive disorders 1.22 -.01 -.43 .61 
Locomotive cost 
4 .60 .04 -.29 .50 
Locomotive disorders .57 .05 -.37 .29 
Other health cost 
S 
.37 -.04 .05 .14 
Other health disorders 
"10 .20 .13 -.07 -.06 
Insemination cost 
"11 .76 .09 -.33 .51 
Inseminations 
^12 
1.20 -.13 -.54 .97 
Number of breedings 
^13 
3.01 -2.89 -2.34 3.28 
^Standard errors of genetic correlations are in Table 123. 
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00 
*19 *20 *21 *22 *23 *74 *25 
.19 .34 .40 .10 .14 -.13 .04 1.02 
-.18 .10 .40 -.18 -.14 .16 .15 .93 
-.25 -.19 .32 -.46 -.32 .47 -.28 .96 
-.45 -.34 .21 -.61 -.52 .65 -.34 .87 
.70 .90 -.20 1.21 .67 -1.57 1.03 -1.27 
1.05 1.30 .15 1.45 1.20 -1.71 1.17 -.30 
.70 .72 .10 .69 .74 -.52 .12 .47 
.59 .73 .15 .79 .74 -.55 .14 .14 
.19 .27 .28 .19 .37 -.07 .07 .72 
.29 .34 .07 .56 .53 —.62 .54 —.88 
.89 .93 .03 1.03 .93 -1.06 .61 -.10 
1.34 1.25 .01 1.43 1.34 -1.97 1.38 .01 
3.10 1.59 1.79 2.40 1.85 -3.52 .63 1.37 
Table 116. Genetic correlations among predicted health categories, and 
number of breedings and lactation curve traits and classifi-
catory traits for second lactation® 
%14 ^15 ^16 ^17 
Total health cost 
^1 
.02 .13 .08 -
Total health disorders 
-2 
-.06 .23 .20 -
Mammary cost -.23 .41 .43 -
Mammary disorders 
-4 
-.25 .47 .46 -
Reproductive cost .04 -.02 -.03 -
Reproductive disorders 
-6 
.13 -.01 -.05 -
Locomotive cost .59 -.13 -.37 -
Locomotive disorders Kg .97 .26 -.09 -
Other health cost Kg .06 .12 .00 -
Other health disorders 
^10 
-.06 — .06 -.09 -
Insemination cost 
^11 
.58 -.20 -.45 -
Inseminations 
^12 
.42 -.28 -.38 -
Number of breedings 
^13 
.25 .55 .25 
^Standard errors of genetic correlations are in Table 124. 
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^18 ^19 
o
 
CM X X2I C
Nl 
X23 %24 ^25 
- .06 .14 -.12 .26 .19 .02 .98 
- .01 .26 -.25 .21 .34 .11 .94 
-
-.10 .41 -.49 -.15 .81 -.23 .86 
- -.10 .50 -.52 -.11 .74 .00 .84 
- .02 .19 -.11 .33 .07 -.00 .99 
- .12 .03 .02 .51 -.06 .21 .91 
- .58 -.50 .74 .75 -1.02 .74 .52 
- .98 .34 .81 1.25 -1.98 2.93 1.54 
- .14 -.19 
CM 0
 .35 .07 .11 .92 
- -.06 -.09 -.10 .31 .27 —.31 .94 
- .59 -.89 .91 .87 -1.06 .38 -.02 
- .34 -.57 .63 1.12 -1.17 .78 -.02 
-
.49 -.78 .34 1.35 -1.16 .99 .27 
Table 117. Genetic correlations among predicted health categories and 
number of breedings and lactation curve traits and class-
iflcatory traits for third lactation^ 
-14 -15 -16 -17 
Total health cost 
^1 
-.02 .12 -.01 -
Total health disorders X2 .11 .31 .17 -
Mammary cost .14 .24 .31 -
Mammary disorders .19 .34 .43 -
Reproductive cost 
^5 
-.05 .25 .05 -
Reproductive disorders 
^6 
.05 .24 .03 -
Locomotive cost .29 -.03 -.25 -
Locomotive disorders .06 .12 -.09 -
Other health cost Xg -.01 -.06 -.11 -
Other health disorders 
-10 
-.05 .04 -.03 -
Insemination cost 
-11 .37 .09 -.15 
-
Inseminations 
1 
CM 
' ^
 .10 .28 .09 -
Number of breedings 
-13 .23 .07 -.10 
^Standard errors of genetic correlations are in Table 125. 
200 
00 
*19 *20 *21 *22 *23 *24 *25 
.72 .15 -.37 .12 .19 .35 -.25 .92 
.56 .34 -.30 .15 .27 .66 -.19 .68 
-.57 .18 .15 -.12 -.47 .43 -.17 -.90 
-.61 .26 .21 -.35 -.71 1.09 -.71 .03 
.86 .23 -.33 .20 .57 .33 .18 .64 
.86 .30 -.34 .34 .70 .29 .28 .48 
1.17 .38 -.61 .65 .63 -.17 .03 .62 
.90 .30 -.67 .33 .38 .08 -.13 .73 
.46 —. 06 -.24 -.01 .03 .12 -.31 .99 
.52 .03 -.28 .12 .21 .13 -.22 .92 
1.06 .49 — .48 .77 .90 .02 .45 -.02 
.68 .34 -.24 .41 .81 .28 .47 -.11 
.86 .30 -.53 .51 .75 .41 -.19 -.10 
Table 118. Genetic correlations among predicted health categories and 
number of breedings and lactation curve traits and class-
Iflcatory traits for fourth or greater lactations* 
%15 *16 %17 
Total health cost — .26 -.11 -.28 -.07 
Total health disorders ==2 -.30 -.07 -.22 -.08 
Mammary cost 
"3 
-.45 -.06 -.22 -.04 
Mammary disorders -.40 -.05 -.18 -.05 
Reproductive cost .52 -.23 -.19 — .18 
Reproductive disorders 
''e 
.48 -.06 -.12 -.23 
Locomotive cost 4 .14 -.05 -.21 — .08 
Locomotive disorders 
4 
.01 -.09 -.20 — .08 
Other health cost -.35 -.10 -.27 -.02 
Other health disorders -.36 — .18 -.35 -.03 
Insemination cost .27 -.13 -.35 — .06 
Inseminations 
^12 
.25 -.18 -.34 -.16 
Number of breedings =^13 .02 -.16 -.23 - .12 
^Standard errors of genetic correlations are in Table 126. 
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00
 
=19 *20 *21 *22 *23 *24 *25 
-.04 -.14 -.37 .04 .13 .57 -.93 .98 
-.06 -.17 -.27 -.06 .03 .61 -.90 .99 
-.01 -.26 -.23 -.19 -.15 .53 -.83 .97 
-.03 -.24 -.19 -.20 -.12 .59 -.82 .98 
—. 20 .30 -.52 .56 .32 .47 -.69 -.14 
-.23 .39 -.49 .68 .62 .32 -.67 .15 
-.06 .18 -.32 .44 .71 .18 -.45 .76 
-.07 .03 -.13 .21 .48 .31 -.44 .86 
.00 -.20 -.32 -.04 .14 .52 -.85 1.00 
-.01 
CM 1 
—. 46 -.01 .10 .68 -1.07 .95 
1 o
 
w
 
.31 -.63 .76 .81 .13 -.73 .42 
-.15 .22 -.70 .72 .77 .11 — .64 .18 
-.10 -.01 -.36 .26 -.03 -.09 — .16 .19 
Table 119. Standard errors of genetic correlations among predicted 
health categories and number of breedings for first lactation 
(above diagonal) and second lactation (below diagonal) 
Total health cost 
Total health disorders 
Mammary cost 
Mammary disorders 
Reproductive cost 
Reproductive disorders 
Locomotive cost 
Locomotive disorders 
Other health cost 
Other health disorders 
Insemination cost 
Inseminations 
Number of breedings 
"1 ^2 
- .05 .09 .10 
4 
.01 - .13 .11 
.05 .05 - .02 
& .04 .02 .03 -
S .01 .02 .09 .07 
.03 .03 .12 .09 
4 
.11 .12 .17 .14 
"8 
1.15 1.04 .95 .83 
4 
.03 .04 .10 .06 
%o 
CM 0
 .03 .07 .06 
% .13 .14 .16 .14 
"12 .23 .24 .29 .25 
X,3 .51 .59 .74 .61 
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S ^6 ^7 ^8 S ^10 %11 %12 w
 
.62 .43 .15 .30 .12 .14 .20 .61 1.92 
.72 .29 .20 .35 .14 .17 .23 .38 10.99 
.85 .48 .11 .22 .14 .11 ,12 .40 6.79 
.85 .59 .12 .22 .12 .12 .12 .56 5.53 
- .84 .34 .62 .43 .56 .20 .95 79.85 
.01 - .71 .85 .45 .43 .42 .13 30.28 
.11 .11 - .13 .17 .16 .09 .95 44.97 
1.15 1.28 1.08 - .33 .29 .29 1.02 63.89 
.05 .07 .11 1.25 - .18 .17 .55 32.46 
.04 .05 .12 1.30 .03 - .13 .37 4.80 
.14 .14 .12 .66 .13 .13 - .45 15.92 
.25 .22 .28 .87 .25 .22 .10 - 5.40 
.42 .50 .47 1.38 .63 .83 .45 .65 -
Table 120. Standard errors of genetic correlations among health cat­
egories and number of breedings for third lactation (above 
diagonal) and fourth or greater lactations (below diagonal) 
^1 ^2 ^3 
Total health cost % - .04 .12 .21 
Total health disorders 
^2 
.00 - .15 .24 
Mammary cost .02 .02 - .23 
Mammary disorders 
^4 
.01 .01 .01 -
Reproductive cost 
^5 
.20 .20 .20 .18 
Reproductive disorders .14 .15 .18 .16 
Locomotive cost .06 .06 .09 .07 
Locomotive disorders .06 .06 .09 .07 
Other health cost S .01 .01 .03 .01 
Other health disorders 
^10 
.02 .02 .04 .04 
Insemination cost 
^11 
.07 .08 .11 .10 
Inseminations 
^12 .16 .17 .20 .18 
Number of breedings 
W
 
1 
.16 .16 .17 .15 
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S 7^6 ^7 ^8 S ^10 ^11 ^12 ^13 
.04 .06 .10 .14 .03 .03 .12 .15 .20 
.05 .05 .17 .19 .09 .09 .12 .13 .25 
.19 .18 .25 .28 .15 .14 .18 .21 .29 
.25 .26 .32 .32 .17 .22 .24 .28 .36 
- .01 .14 .17 .09 .09 .09 .09 .19 
.06 - .12 .16 .10 .10 .06 .06 .17 
.22 .19 - .05 .09 .12 .12 .17 .25 
.24 .19 .02 - .13 .18 .19 .22 .31 
.18 .15 .05 .06 - .03 .12 .13 .18 
.21 .17 .09 .10 .02 - .14 .16 .22 
.13 .07 .08 .11 .08 .08 - .03 .17 
.12 .04 .24 .24 .18 .18 .08 - .17 
.42 .40 .18 .21 .15 .18 .21 .45 — 
Table 121. Standard errors of genetic correlations among lactation curve 
traits and classlflcatory traits for first lactation (above 
diagonal) and second lactation (below diagonal) 
%14 1^5 1^6 1^7 
Lactation curve traits 
Ln a X-, - .13 .10 .20 
14 
b .13 - .07 .24 
c X^g .11 .03 - .23 
Persistency X^^ - - - -
Week of peak yield X^g 
Peak yield X^^ .03 .08 .08 
XgQ .23 .24 .24 
Classlflcatory traits 
Production level ^21 .09 
Length X^^ .15 .17 .16 
Culling rate X^^ .26 .34 .35 
Days dry X^^ .27 .29 .26 
Calving age X^^ .09 .10 .09 -
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X 18 ^i9 20 21 22 23 X 24 25 
.20 
. 22  
.26  
.06 
.04 
.09 
.08 
.17 
.17 
.19 
.16 
.13 
.11 
.35 
.36 
.13 
.06 
.10 
.08 
.17 
.19 
.02 
.13 
.12 
.16 
.14 
.26 
.26 
.10 
.21 
.16 
.18 
.13 
.31 
.32 
.15 
.24 
.18 
.21 
.17 
.34 
.33 
.15 
.27 
.09 
.10 
.08 
.17 
.16 
.08 
.13 
.05 
.13 
.22 
.23 
.08 
.31 
.40 
.81 
.55 
.19 
.10 
.42 
.22 
.08 
.08 
.54 
.28 
.12 
.17 
.28 
.78 
. 22  
.15 
.18 
.46 
.23  
.07 
.12 
.13 
.15 
Table 122. Standard errors of genetic correlations among lactation curve 
traits and classificatory traits for third lactation (above 
diagonal) and fourth or greater lactations (below diagonal) 
Lactation curve traits 
Ln a 
^14 
- .15 .13 -
b 
^15 .12 
- .02 -
c 
^16 
.10 .02 - -
Persistency 
^17 
.09 .09 .08 -
Week of peak yield 
^18 .10 .09 .08 .00 
Peak yield 
^19 
.03 .06 .06 .08 
^20 .14 .12 .10 .11 
Classificatory traits 
Production level 
^21 
.07 .10 .10 .09 
Length 
=22 .23 .22 .24 .19 
Culling rate 
^23 
.24 .22 .21 .19 
Days dry 
*24 
.27 .43 .42 .21 
Calving age 
^25 
.08 .08 .07 .07 
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1^8 1^9 2^0 2^1 2^2 2^4 2^5 
.45 
.28 
.40 
.07 
.08 
.08 
.26 
.21 
.20 
.10 
.12 
.12 
.19 
.16 
.16 
.23 
.18 
.16 
.31 
.23 
. 22  
.12 
.09 
.09 
.08 
.11 
.33 
.11 
1.65 
.20 
.52 
.08 
.26 
.49 
.15 
.30 
.45 
.18 
.33 
.65 
.22 
.45 
.29 
.09 
.18 
.09 
.19 
.19 
.22  
.07 
.05 
.19 
.20 
.25 
.07 
.13 
.31 
.29 
.36 
.10 
.20 
.26 
.24 
.08 
.11 
.65 
.42 
.17 
.22 
.30 
.94 
.19 
,23 
,24 
.58 
,31 
.10 
.13 
.15 
.21 
Table 123. Standard errors of genetic correlations among predicted health 
categories and number of breedings and lactation curve traits 
and classifIcatory traits for first lactation 
Total health cost 
Total health disorders 
Mammary cost 
Mammary disorders 
Reproductive cost 
Reproductive disorders 
Locomotive cost 
Locomotive disorders 
Other health cost 
Other health disorders 
Insemination cost 
Inseminations 
Number of breedings 
^14 ^15 ^16 ^17 
.16 .19 .16 .31 
"2 .19 .22 .18 .35 
S 
.10 .12 .09 .20 
.10 .12 .09 .20 
S 
.52 .35 .36 .55 
.77 .36 .42 .67 
X; .09 .13 .11 .23 
Xg .24 .25 .23 .42 
4 
.16 .19 .16 .31 
''lO 
.14 .16 .13 .25 
^11 
.10 .15 .13 .25 
=^12 .82 .40 .51 .86 1 
CO 36.67 35.44 28.68 40.04 
212 
CO 
*19 *20 *21 *22 *23 *24 *25 
-30 .14 .26 .14 .22 .25 .29 .13 
.34 .16 .29 .16 .24 .27 .33 .18 
.19 .09 .15 .08 .14 .13 .19 .03 
.20 .09 .15 .08 .14 .11 .19 .04 
.60 .52 .47 .63 .27 .69 .86 .72 
.80 .80 .50 .85 .46 .93 .96 .32 
.22 .06 .18 .06 .11 .20 .19 .08 
.42 .24 .33 .23 .28 .33 .39 .19 
.30 .14 .25 .14 .20 .25 .28 .12 
.25 .12 .21 .10 .14 .17 .25 .13 
.25 .08 .20 .06 .04 .16 .24 .11 
1.01 .84 .50 .92 .60 1.20 1.15 .28 
37.83 19.37 22.17 29.18 21.50 42.46 8.27 16.80 
Table 124. Standard errors of genetic correlations among predicted 
health categories and number of breedings and lactation 
curve traits and classifIcatory traits for second lactation 
X 
14 15 16 17 
Total health cost 
"i .11 .12 .10 -
Total health disorders 
"2 .11 .12 .10 -
Mammary cost .14 .14 .12 -
Mammary disorders .12 .11 .10 
-
Reproductive cost .12 .13 .11 -
Reproductive disorders .13 .14 .12 -
Locomotive cost .11 .14 .13 -
Locomotive disorders .97 .50 .40 -
Other health cost .12 .13 .11 -
Other health disorders 
^10 
.12 .12 .11 -
Insemination cost 
^11 
.12 .15 .14 -
Inseminations 
^12 
.28 .29 .28 -
Number of breedings .45 .67 .46 -
214 
18 ^19 ^20 ^21 ^22 ^23 ;^24 
-
.09 .22 .09 .14 .22 .25 .02 
- .10 .23 .10 .14 .21 .27 .03 
- .12 .28 .12 .19 .26 .34 .07 
- .10 .26 .11 .16 .22 .27 .05 
- .10 .24 .10 .14 .25 .27 .03 
- .11 .26 .11 .13 .28 .32 .06 
- .09 .29 .07 .13 .47 .35 .09 
-
.97 .87 .78 1.19 2.01 3.27 1.45 
- .10 .24 .10 .14 .26 .27 .04 
- .10 .23 .10 .14 .24 .29 .04 
- .10 .35 .06 .06 .37 .35 .11 
- .24 .55 .25 .22 .47 .74 .20 
- .55 1.08 
CO 
1.07 1.12 1.39 .40 
Table 125. Standard errors of genetic correlations among predicted health 
categories and number of breedings and lactation curve traits 
and classificatory traits for third lactation 
Total health cost 
Total health disorders 
Mammary cost 
Mammary disorders 
Reproductive cost 
Reproductive disorders 
Locomotive cost 
Locomotive disorders 
Other health cost 
Other health disorders 
Insemination cost 
Inseminations 
Number of breedings 
.15 .12 .11 — 
==2 
.20 .16 .15 -
S .19 .15 .14 -
^4 .26 .20 .19 
-
S .18 .14 .14 -
.18 .14 .13 -
4 .16 .14 .13 
-
4 .21 .17 .16 
-
X, .12 .10 .09 -
^10 .15 .12 .12 -
^11 .16 .14 .14 
-
Xi2 .19 .16 .15 -
X,3 .27 .21 .21 -
216 
00 
*19 ^20 ^21 =22 =23 %24 ^25 
.41 .11 .24 .12 .16 .16 .27 .04 
.45 .15 .31 .16 .20 ,16 .35 .10 
.47 .15 .29 .16 .23 .20 .33 .15 
.61 .21 .38 .25 .35 .20 .54 .17 
00 
.14 .28 .14 .14 .19 .33 .09 
.47 .13 .28 .13 .11 .20 .32 .10 
.57 .12 .28 .09 .15 .22 .28 .09 
.57 .16 .35 .16 .22 .26 .36 .13 
.30 .09 .19 .10 .14 .15 .21 .00 
.36 .12 .24 .12 .16 .19 .26 .04 
.51 .12 .28 .08 .06 .22 .32 .11 
.45 .15 .30 .14 .10 .22 .37 .13 
.63 .21 .42 .21 .22 .30 .45 .18 
Table 126. Standard errors of genetic correlations among predicted health 
categories and number of breedings and lactation curve traits 
and classificatory traits for fourth or greater lactations 
Total health cost 
Total health disorders 
Mammary cost 
Mammary disorders 
Reproductive cost 
Reproductive disorders 
Locomotive cost 
Locomotive disorders 
Other health cost 
Other health disorders 
Insemination cost 
Ins eminations 
Number of breedings 
^14 ^15 ^16 ^17 
==1 .10 .09 .08 .08 
.09 .09 .08 .08 
X3 .10 .09 .09 .08 
.09 .08 .08 .07 
S .28 .24 .22 .19 
.22 .20 .19 .17 
.11 .10 .09 .09 
"8 .12 .11 .11 .10 
.09 .08 .07 .07 
"10 .11 .10 .10 .09 
% .13 .13 .12 .11 
^12 
.24 .23 .24 .19 
^13 
.21 .19 .19 .16 
218 
%19 ^20 %21 *22 *23 *24 *25 
00 o
 .08 .12 .09 .19 .18 .43 .02 
00 o
 .08 .11 .09 .19 .18 .41 .01 
00 o
 .08 .12 .09 .21 .19 .40 .02 
.07 .07 .11 .08 .18 .19 .37 .01 
.20 .21 .32 .24 .41 .36 .79 .17 
.17 .18 .27 .19 .25 .37 .61 .15 
b
 
v
o
 
.09 .13 .08 .21 .23 .26 .05 
.10 .10 .15 .11 .24 .24 .33 .05 
.07 .07 .11 .08 .17 .21 .34 .01 
.09 .09 .13 .10 .22 .25 .45 .04 
.11 .10 .16 .07 .14 .26 .42 .09 
.19 .20 .34 .23 .23 .47 .68 .17 
.16 .17 .25 .18 .42 .40 .46 .15 
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standard errors will be approximately significant at the .05 level. 
Standard errors of genetic correlations were a guide to whether correla­
tions deviated from zero. 
Relations among total health cost, persistency, c, peak yield, post­
partum length, and mature-equivalent milk production are summarized by 
lactation in the following paragraphs. 
Summary of relations of first lactations In first lactation, 
phenotypic correlations of persistency with total health cost, postpartum 
length, and mature-equivalent milk production were not significantly 
(P >.05) different from zero. Genetic correlations were positive. Sire-
progeny groups with greater persistency were associated with slightly 
higher total health cost, longer postpartum length, and more mature-
equivalent milk production. However, sire progeny groups with higher 
total health cost were associated with higher peak yields and larger c 
indicating more rapidly declining lactation curves. Large negative genetic 
and phenotypic correlations were obtained between c and both postpartum 
length and mature-equivalent milk production. Greater c implied shorter 
postpartum length and less mature-equivalent milk production. Phenotypic-
ally, higher total health cost was associated with longer postpartum 
length, but only slightly higher mature-equivalent milk although post­
partum length and mature-equivalent milk were highly correlated. When 
adjusted for effect of postpartum length, total health cost was negatively 
correlated to mature-equivalent milk. Within constant postpartum length, 
the increased health cost representing more health disorders or more 
severe disorders may have reduced the cow's ability to produce milk. 
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Summairy of relations of second lactations Slightly negative 
phenotypic correlations were obtained between persistency, and both c 
and peak yield. The parameter c was phenotypically positively correlated 
to peak yield, and negatively correlated to mature-equivalent milk, postpartum 
length, and total health cost. Peak yield was phenotypically positively 
correlated to postpartum length and mature-equivalent milk which were 
positively correlated to each other. Genetic correlations involving 
persistency were not estimable because the sire component of variance 
for persistency was negative in the second lactation. A common element 
of the parameter c may explain the negative genetic correlations of c 
with either postpartum length or mature-equivalent milk. Peak yield must 
have represented at least two components to be positively genetically 
correlated to both c and mature-equivalent milk, which were negatively 
correlated to each other. Genetic correlations of total health cost with 
c, peak yield, postpartum length, and mature-equivalent milk were not 
significantly (P>.05) different from zero. Relations between genetic 
and phenotypic correlations among c, peak yield, postpartum length, 
and mature-equivalent milk had similar trends in second lactations. 
Summary of relations of third lactations Genetic correlations 
among total health cost, c, peak yield, postpartum length, and mature-
equivalent milk follow the same pattern in the third lactation as in 
the second. Genetic correlations involving persistency were not estimable 
because the sire component was negative in the third lactation, also. 
Phenotypic correlations among c, peak yield, postpartum length, and 
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mature-equivalent milk were of consistent size and direction of phenotyplc 
correlations in first and second lactations. During the third lactation, 
persistency had larger negative phenotypic correlations with c and peak 
yield, and larger positive correlations with postpartum length and mature-
equivalent milk than in earlier lactations. 
Summary of relations of fourth or greater lactations Negative 
genetic and phenotypic correlations between total health cost and c were 
obtained. The rapidly declining lactation curve was associated with lower 
total health cost in fourth or greater lactations. Increased total health 
cost was phenotypically associated with lower peak yield, longer post­
partum length, and greater mature-equivalent milk production. Large 
positive genetic correlations were obtained between mature-equivalent 
milk with peak yield and postpartum length, and between c and peak yield. 
Although persistency and c were thought to be measuring similar traits, 
the phenotypic correlations between persistency and c were negative in 
all four lactations. Likewise, phenotypic correlations among c, peak 
yield, postpartum length, and mature-equivalent milk production were 
consistent across all four lactations. 
Partial correlations Partial correlations between cost and persist­
ency adjusted for linear effect of mature-equivalent milk or adjusted for linear 
effect of mature-equivalent milk and postpartum length were not appreciably 
different from the original phenotypic correlations between cost and persistency 
for each lactation. Partial phenotypic correlations adjusted for mature-
equivalent milk and partial phenotypic correlations adjusted for 
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mature-equivalent milk and postpartum length between total health cost 
and c were similar to original phenotypic correlations in all cases but 
one. The partial phenotypic correlation between total health cost and c 
adjusted for mature-equivalent milk and postpartum length was .08 in the 
first lactation in contrast to the original phenotypic correlation of 
-.04. Older cows with lower rates of decline in milk production were 
associated with higher total health cost, which suggested that poor health 
limited genetic expression of milk production early in lactation. Selec­
tion for rapid rate of decline in milk production could indirectly select 
against poor health in early lactation. Selection for increased mature-
equivalent milk for a constant postpartum length should be associated with 
reduced total health cost. Partial correlations between mature- equiva­
lent milk and total health cost adjusted for postpartum length were 
negative for all lactations, -.20 in first lactation, -.13 in second 
lactation, and -.09 in third or greater lactations. 
Recommendations The major technique to maximize profits was 
to select for increased milk production. Reducing health cost was a 
secondary technique to increase profits. In general phenotypic correla­
tions indicated that a rapid rate of decline in milk production was 
associated with reduced health costs. From these results, selection for 
a rapid rate of decline in milk production should reduce health cost 
and increase profit. 
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INTERPRETATIONS 
Postpartum Distribution of Total Health Cost 
Monthly estimates of total health cost indicated that parturition 
and the first 30 days postpartum incurred one-fifth of the total health 
cost of an annual calving interval. Total health cost averaged 20 cents 
per day between 30 to 59 days postpartum and 15 cents per day between 60 
to 89 days postpartum. Daily total health cost declined to 7 cents be­
tween 390 to 419 days postpartum. Total health cost of an in-progress 
lactation of 200 days was estimated as $40. Total health cost of the 
remainder of the lactation was estimated as $17, if the cow was 120 days 
into gestation. The postpartum distribution of health categories can esti­
mate cost and disorders for average production of in-progress lactations. 
Predictions of Total Health Cost 
Examples predicting total health cost for a single lactation will 
be described. The 20 classes of production level and length from Model 3 
will be combined into three or four classes to facilitate interpretations. 
Milk production for a lactation will be predicted from lactation curve 
parameters. The estimated value of the predicted milk production above 
feed cost minus predicted total health cost will define net returns. Five 
fictitious cows will be described to compare changes in total health cost 
for different series of lactations. 
The least squares mean of total health cost from Table 46 was $36.79. 
Least squares constants of total health cost from Table 55 were combined 
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to define quartiles of milk production. Table 127 contains the average 
least-squares constants of total health cost by production quartile. 
Least-squares constants of total health cost by lactation and average 
calving age of NC-2 herds are summarized in Table 127 from results of 
Tables 63 and 64. Least-squares constants of total health cost by post­
partum length and days dry also are summarized in Table 127. Postpartum 
length was redefined as 3 classes. Total health cost for 3 classes of 
postpartum length equaled the average least-squares constants of Table 47 
plus the regression coefficient of total health cost from Table 65 times 
the deviation of days dry from 50 days. Two days dry was the average 
days dry in the NC-2 herds for postpartum lengths less than 300 days. 
Tables 128 and 129 contain examples of predicted total health cost. 
Postpartum lengths greater than or equal to 420 days and the highest 
production quartile were associated with the largest predicted total 
health cost of $56.25 for nonterminal lactations and $67.63 for terminal 
lactations. Cows in terminal lactations incurred $11.38 more total health 
cost than cows did in nonterminal lactations. The production quartile of 
5750 to 6999 kg in the first lactation with postpartum length less than 
300 days was associated with the lowest predicted total health cost for 
nonterminal and terminal lactations. 
Lactation curve parameters of unselected California DHIA data from 
Tables 89, 91, 93, and 95 estimated mature-equivalent milk factors of 
1.28, 1.09, 1.02, and 1.00 for first through fourth or later lactations. 
Table 127. Least squares constants of total health cost by production quartile, lactation, and 
3 classes of postpartum length 
Production quartile, kg Total health cost, $ 
<5749 .70 
5750-6999 -2.01 
7000-8249 -.41 
28250 1.73 
Lactation Calving age, mos. Lactation L.S. Regression of total Total 
constant, $ + health cost on = health 
(calving age-40),$ cost, $ 
1 25 3.86 -9.60 -5.74 
2 38 1.21 -2.52 -1.31 
3 51 -7.92 11.77 3.85 
4 72 2.84 5.76 8.60 
Postpartum length Days dry Length L.S. Regression of total Total 
days constants, $ + health cost on = health 
(days dry-50), $ cost, $ 
<299 2 -5.92 -.87 -6.79 
300-419 59 -1.76 .16 -1.60 
>420 98 8.26 .87 9.13 
Table 128. Examples of predicted total health cost for nonterminal complete lactations 
Length, days Production, kg Lactation 
1 
Lactation 
2 
Lactation. 
3 
Lactation 
>4 
<300 <5750 
5750-6999 
7000-8249 
>8250 
24.96 
22.25 
23.85 
25.99 
29.39 
26.68 
28.28 
30.42 
34.55 
31.84 
33.44 
35.58 
39.30 
36.59 
38.19 
40.33 
300-419 <5750 
5750-6999 
7000-8249 
>8250 
30.15 
27.44 
29.04 
31.18 
34.58 
31.87 
33.47 
35.61 
39.74 
37.03 
38.63 
40.77 
44.49 
41.78 
43.38 
45.52 
>420 <5750 
5750-6999 
7000-8249 
>8250 
40.88 
38.17 
39.77 
41.91 
45.31 
42.60 
44.20 
46.34 
50.47 
47.76 
49.36 
51.50 
55.22 
52.51 
54.11 
56.25 
Table 129. Examples of predicted total health cost for terminal lactations 
Length, days Production, kg Lactation 
1 
Lactation 
2 
Lactation 
3 
Lactation 
>4 
<300 
300-419 
>420 
<5750 
5750-6999 
7000-8249 
28250 
<5750 
5750-6999 
7000-8249 
8^250 
<5750 
5750-6999 
7000-8249 
>8250 
36.34 
33.63 
35.23 
37.37 
41.53 
38.82 
40.42 
42.56 
52.26 
49.55 
51.15 
53.29 
40.77 
38.06 
39.66 
41.80 
45.96 
43.25 
44.85 
46.99 
56.69 
53.98 
55.58 
57.72 
45.93 
43.22 
44.82 
46.96 
51.12 
48.41 
50.01 
52.15 
61.85 
59.14 
60.74 
62.88 
50.68 
47.97 
49.57 
51.71 
55.87 
53.16 
54.76 
56.90 
66.60 
63.89 
65.49 
67.63 
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Milk production to week 28 was estimated as 1.42, 1.31, 1.30, and 1.31 
for first through fourth or later lactations of production to week 43. 
Milk production to week 58 was estimated as .815, .88, .88, and .87 for 
first through fourth or later lactations of production to week 43. Weeks 
28, 43, and 58 represented days in milk for the 3 classes of postpartum 
length. Milk production of 4,000, 6,400, 7,600, and 9,000 kg represented 
the average milk production by production quartile. Assuming $10 per 
100 kg as the value of milk above feed cost in 1975, Table 130 contains 
the value of milk production above feed cost by production quartile, 
lactation, and 3 classes of postpartum length. Tables 131 and 132 contain 
estimated net returns of nonterminal and terminal lactations by production 
quartile, lactation, and 3 classes of postpartum length. Higher milk 
production was associated with greater net returns. Greater postpartum 
length was associated with greater net return but the net return per day 
declined. Tables 128 to 132 contain estimates of total health cost, 
value of milk production, and net returns for a single lactation. This 
work can be generalized to consider multiple lactations as presented in 
the following example with five cows. 
Five fictitious cows; Alice, Becky, Carla, Diane and Elaine, will be 
compared on their predicted health cost for different series of lactations. 
Alice and Becky were in the herd 550 days with 50 days dry and both pro­
duced 10,300 kg of milk. Alice calved at 24 months of age for her only 
lactation. Her 305-day mature-equivalent milk production was 9,000 kg. 
Becky calved at 24 and 36 months of age. The calving interval of Becky's 
Table 130. Estimated value of milk production above feed cost predicted from lactation curve 
parameters of unselected California DHIA data 
Length, days Production, kg Lactation 
1 
Lactation 
2 
Lactation 
3 
Lactation 
>4 
<300 <5750 
5750-6999 
7000-8249 
>8250 
220 
352 
418 
495 
280 
448 
532 
630 
303 
483 
573 
679 
305 
489 
580 
687 
300-419 <5750 
5750-6999 
7000-8249 
>8250 
312 
500 
594 
703 
367 
587 
697 
826 
392 
628 
745 
882 
400 
640 
760 
900 
>420 <5750 
5750-6999 
7000-8249 
>8250 
383 
614 
728 
863 
417 
667 
792 
938 
446 
713 
847 
1,003 
460 
736 
874 
1,034 
Table 131. Estimated net returns of nonterminal complete lactations by production quartile, lacta­
tion, and 3 classes of postpartum length 
Length, days Production, kg Lactation 
1 
Lactation 
2 
Lactation 
3 
Lactation 
>4 
<300 
300-419 
>420 
<5750 
5750-6999 
7000-8249 
^8250 
<5750 
5750-6999 
7000-8249 
>8250 
<5750 
5750-6999 
7000-8249 
>8250 
195 
330 
394 
469 
282 
473 
565 
672 
342 
576 
688 
821 
251 
421 
504 
600 
332 
555 
664 
790 
372 
624 
748 
892 
268 
451 
540 
643 
352 
591 
706 
841 
396 
665 
798 
951 
266 
452 
542 
647 
356 
598 
717 
854 
405 
683 
820 
978 
Table 132. Estimated net returns of terminal lactations by production quartile, lactation, and 3 
classes of postpartum length 
Length, days Production, kg Lactation 
1 
Lactation 
2 
Lactation 
3 
Lactation 
>4 
<300 
300-419 
> 420 
<5750 
5750-6999 
7000-8249 
>8250 
<5750 
5750-6999 
7000-8249 
^8250 
<5750 
5750-6999 
7000-8249 
>8250 
184 
318 
383 
458 
270 
461 
554 
660 
331 
564 
677 
810 
239 
410 
492 
588 
321 
544 
652 
779 
360 
613 
736 
880 
257 
440 
528 
632 
341 
580 
695 
830 
384 
654 
786 
940 
254 
441 
530 
635 
344 
587 
705 
843 
393 
672 
809 
966 
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first lactation was 350 days. Her 305-day mature-equivalent milk produc­
tion was 7042 kg in both lactations. Appropirate least squares means 
and constants from predictions of terminal and nonterminal lactations 
were accummulated to estimate total health cost and insemination cost 
for the fictitious cows. Alice was estimated to have $58.48 total health 
cost and $46.24 insemination cost. Becky had $4.40 more total health 
cost but $12.25 less insemination cost. With equal actual milk produc­
tion over 550 days, the single lactation of Alice had less total health 
cost and more insemination cost than two lactations of Becky. 
Carla, Diane and Elaine had equal lifetimes of 1,365 days with 120 
days dry. Carla and Elaine calved at 24, 42, and 60 months of age with 
calving intervals of 550 days after their first and second lactations. 
Diane calved at 24, 36, 48 and 60 months of age with 365 day calving 
intervals for her first three lactations. Carla and Elaine had 60 days 
dry in their first and second lactations. Diane had 40 days dry in her 
first three lactations. Carla and Diane had equal 305-day mature-
equivalent milk production of 7000 kg in all their lactations. Diane 
and Elaine had equal lifetime milk production. Elaine bad 305-day mature-
equivalent milk production of 7544 kg in each of her three lactations. 
Estimated cost for Diane were $147.14 for total health cost and $78.04 for 
insemination cost. Carla had $10.68 more total health cost and $26,14 more 
insemination cost during her lifetime than Dlaae had. More lactations of 
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Diane were more profitable than only three lactations of Carla, who was of 
equal merit to Diane. Elaine had $7.65 more total health cost and $21,64 
more insemination cost than Diane had. Diane and Elaine had equal life­
time milk production and more lactations of Diane were more profitable 
with lower total health and insemination cost. 
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SUMMARY 
Health costs were not uniformly distributed throughout lactation. 
Categories of mammary, reproduction, digestion, respiration, and other 
were associated with greater cost and more disorders near the initiation 
of lactation rather than mid to late lactation. Mammary and reproductive 
cost were 71% of total health cost in the first 30 days postpartum. 
Mammary and reproductive cost were 55% of total health cost in an average 
30-day interval. The distribution of locomotive cost was not different 
from a uniform distribution and represented 6% of the total health cost 
in an average 30-day interval. For postpartum lengths greater than 210 
days, health cost averaged 7 to 11 cents per day. Average 30-day health 
cost increased 35 cents from first to second lactation, 84 cents from 
second to third lactation, and $1.24 from third to fourth lactation. 
Predicting health cost was of limited success as 26% of the vari­
ation in total health cost was accounted for by production level, length, 
culling rate, lactation, calving age, and days dry. Optimum feasible 
postpartum length was 370 to 389 days to minimize total health cost for 
complete lactations. Cows with near annual calving intervals had lower 
health cost and fewer health disorders than cows with longer calving 
intervals. Higher total health cost was associated with milk production 
under 5,500kg and over 8,000kg with the lowest total health cost associated 
with 6,500 to 6,749kg of milk production. It was hypothesized that low-
producing cows had their performance hindered by health disorders while 
high-producing cows incurred stress of high production that Increased 
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health costs. The average linear regression of total health cost on 
calving age was 78 cents increase of total health cost per increased month of 
calving age. Older cows had more total health cost than cows calving at 
a younger age. Mammary cost increased and reproductive cost decreased 
with Increased days dry. Repeatability of total health cost at .12 ex­
ceeded most repeatabilities of categories comprising total health cost. 
Persistency and health cost were estimated for almost 112,000 
lactations. A gamma-type function explained 86% of the variation in DHIA 
test-day milk production in estimating persistency. Daily milk production 
on day 6 postpartum was predicted to successfully reduce the calculated 
percentage atypical lactation curves to less than 1%. Cows in first 
lactation had lower In a, lower peak yield, lower c,higher persistency, 
and took longer to reach peak yield than cows in later lactations. Lower 
accuracy of fitting the lactation curve was associated with first lacta­
tions than with later lactations. Most heritabilities of predicted 
health cost were less than .10 in the first three lactations. Heritabil­
ities of persistency were near zero in the first three lactations. The 
rate of decline in milk production per week had heritabilities near ,15 
each lactation and would be a more useful trait for selection. Herita­
bilities of culling rate and days dry were less than .05. Heritability 
of mature-equivalent milk production declined from .27 in the first 
lactation to .21, .16, and ,15 in the second through fourth lactations. 
The maximum heritability of postpartum length was .06 in the first 
lactation. 
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Genetic and phenotypic correlations among peak yield, postpartum 
length, and mature-equivalent milk production were positive in all 
lactations. The rate of decline in milk production per week was pheno-
typically positively correlated to peak yield and negatively correlated 
to postpartum length and mature-equivalent milk production. Persistency 
and rate of decline of milk production per week had a slight negative 
phenotypic correlation between them in all lactations. In general, 
phenotypic correlations of persistency with peak yield, postpartum length, 
mature-equivalent milk, and predicted total health cost were not different 
from zero. Phenotypically, the rate of decline in milk production per 
week was negatively correlated to predicted total health cost, -.04 
in first lactation to -.12 in fourth or greater lactations. Phenotypic 
correlations of predicted total health cost and postpartum length were 
positive in all lactations. 
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APPENDIX 
Table 133. Price estimates for 1974-75' 
Treatment code Price/trt. Source 
1. ECP 
2. sulfa 
3. cyst broken 
4. corpus luteum expressed 
5. uterine infusion 
6. chorionic gonadotropin 
7. PMS 
8. massage ovaries 
9. remove placenta 
10. insert teat tube (udder 
cannula) 
11. displaced abomasum 
12. caesarean 
13. suture eyelids 
$ 1.50 
1.20 
1.00 
1.00 
1.50 
8.00 
4.00 
.04 
49.00 
1.00 
A-Vet 
C-76 p 24, sulfamethazine 
boluses 6-15 gm./dose 
Est 
Est 
A-Vet 
A-Vet 
No cases 
No cases 
Est 
ARS-Vet discounted from $.05 
No cases 
A-Vet 
Est 
e^y to 1974-75 price estimates 
A-Vet = Estimates given by veterinarians serving Ankeny. Prices 
effective January 1, 1975. 
C-76 = Animal Health Supplies. 1976. Omaha Vaccine Co., Inc., 
Omaha, Nebraska, no drug markup. 
Est = Personal estimation based on charges for similar 
treatments by Ankeny veterinarians or Gllmore (1977). 
ARS-Vet discounted = Roughly two-thirds of 1978 treatment 
prices received from Beltsvllle. 
Same as treatment x = An attempt was made to charge consistent 
prices for similar treatments. 
No cases = No cases of the treatment were recorded previous to 
January 26, 1978, therefore no prices were assigned. 
An additional charge of $1 was added for each day a cow received 
treatment. 
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Table 133. Continued 
Treatment code Prlce/trt. Source 
14. foot surgery $14.00 
15. teat surgery (including 
suturing of lacerations) 4.00 
16. teat joint capsule 2.00 
17. aminatone 2.25 
18. carmllax .75 
19. protokal 2.00 
20. checked - no treatment 0 
21. bovamycin .77 
22. combiotic .80 
23. sulfa-methiozine (sulmet) 1.20 
24. furacin 1.50 
25. formula 10-60 (combined .80 
antibiotic) 
26. forte (17900 revised) .70 
27. rifamycin 
28. naqusone .70 
29. ferrogen .10 
30. combiotic (i.m.) .80 
31. sulfa (i.v.) 2.00 
32. sulfa-bolus (oral) 1.20 
33. blood transfusion 
34. electrolytes (i.v.) 6.00 
35. ambex i.v. 1.50 
A-Vet 
A-Vet 
A-Vet 
C-76 p 13, Amino Lite 
34X 150cc/dose 
A-Vet 
ARS-Vet discounted from 
$3.00 
Est 
C-76 p 6 Bovamycin III, 
25cc/syringe(quarter) 
A-Vet 20cc/trt @ .04/cc 
assume same as treatment 2 
A-Vet 
same as treatment 22 
A-Vet (quarter syringe) 
No cases 
A-Vet 1 boluses/trt (C-76 
p 78, .675/blouses) 
ARS-Vet discounted from 
$.15 
same as treatment 22 
ARS-Vet discounted from $3. 
same as treatment 2 
No cases 
A-Vet 
ARS-Vet discounted from $2.25 
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36. vit. B .60 A-Vet 15cc/trt @ $.04/cc 
37. pen strep (P/S) .80 same as treatment 22 
38. hydrozide 1.27 C-76 p 76, $.127/cc, lOcc/ 
trt 
39. azium (vetalog) 1.70 A-Vet lOcc/trt @ $.17/cc 
40. electrolytes 3.00 A-Vet 
41. tevcocin (Chloromycetin) .80 like treatment 22 
42. biosol .80 like treatment 22 
43. liquomycin (tetracycline, 
oxytet., panmycin) .60 A-Vet 20cc/trt @ $.03/cc 
44. enteromycin 1.07 ARS-Vet discounted from 
$1.60 
45. sulfa-methiozine (orally) .88 C-76 p 17, Sulfamethazine 
Powder 2 oz./trt 0 $.4375/ 
oz. 
46. PMT (orasol) 1.00 Est 
47. ambex 1.50 same as treatment 35 
48. sulfa-pac .88 same as treatment 45 
49. blood transfusion 4.00 Est 
50. ferric chloride (FeClg) .10 same as treatment 29 
51. sulfa-methiozine (i.v.) 2.10 C-76 p 4 triple sulfa 
injectable 24% $.007/cc, 
300cc/trt 
52. enema 4.00 Est 
53. eyelaine No cases 
54. keraspray .04 ARS-Vet discounted from $.05 
55. diethylstilbestro 1 1.50 A-Vet 
56. wart vaccine 1.13 C-76 p 9, lOcc/dose @ 
$.113/cc 
57. acepromazine 1.00 ARS-Vet discounted from 
$1.50 C-76 p 75 Acepromazine 
maleate $.97/doze, 7cc/dose 
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58. ketosol 
59. marlate 
60. blood transfusion 
61. moved to individual 
stalls for handling 1.00 
62. aspirin .33 
63. cal-phos 1.71 
64. oxytocin .45 
65. kopertox .20 
66. Clostridium antitoxin .53 
67. sulfa-urea .10 
68. antibacterial serum (Bovine 
antiserum) .95 
69 triple sulfa 1.20 
70. aminobolic pills 1.50 
71. iodine .20 
72. linament (or leg paint) .20 
73. vit. A.D. .08 
74. antihistamines .02 
75. neosulfa powder or spray .09 
(Styptic powder) 
76. HgOg .60 
77. Na caprylate 
No cases 
No cases 
No cases 
Est 
C-76 p 27, 10 tablet/dose 
@ $.0325/tablet 
ARS-Vet discounted from 
$2.56 
C-76 p 77, Scc/dose @ 
$.09/cc 
C-76 p 35, 1 pint costs 
$2.65 
C-76 p 7, lOcc/dose @ 
$.053/cc 
C-76 p 32, 6 oz, plastic 
shaker can @ $1.15 
C-76 p 7, 40cc/dose @ 
$.0238/cc 
like treatment 2 
C-76 p 26, 5 boluses/dose 
@ $.30/boluses 
C-76 p 35, 12 oz. spray @ 
$2.90 
C-76 p 34, 1 pint cost $2.10 
C-76 p 12, water emulsifi-
able 3 cc/dose @ $.0278/cc 
C-76 p 56, 3 tablets @ 
$.007/tablet 
C-76 p 34, 2 grams/dose @ 
$.045/gram 
ARS-Vet 20cc/dose @ $.03/cc 
No cases 
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78. Nal, 2.15 
79. wormer (tramlsol) 
80. penicillin (i.m* or in qtr.) .80 
81. amenoplex 1.50 
82. BoSe (vit. E) .50 
83. progesterone 2.00 
84. hemo-stat 
85. coagsol .40 
86. 'negative' check 0 
87. cerabon (Streptomycin- .24 
type antibiotic) 
88. nolvasan paste or salve 1.18 
89. mineral oil 3.99 
90. massage uterus 
91. GMT (digestive detoxicant) .67 
92. prednisolone (predef) .44 
93. calcium boroguluconate 1.71 
94. granulex .50 
95. proteolytic enzyme .28 
9 6. eno-terramyc in .72 
97. procaine (local anesthetic) .53 
98. dipyrone (smooth muscle 
relaxant) 
.40 
C-76 p 13, 250cc/dose 0 
$.0086/cc 
No cases 
like treatment 22 
like treatment 70 
C-76 p 76, 5cc/dose @ 
$.095/cc 
A-Vet lOcc/dose @ $.20/cc 
No cases 
C-76 p 76 lOcc/dose @ 
$.04/cc Vitamin K injectable 
Est 
C-76 p 25 Strep-sulfa •> 
boluses 2/dose @ $.12/bolus 
A-Vet 
C-76 p 15 1 gallon @ $3.99 
as oral laxative 
No cases 
ARS-Vet discounted from $1 
C-76 p 75 lOcc/dose @ 
$.044/cc 
like treatment 63 
C-76 p 33 5 oz. at $4.99 
C-76 p 26 25(15 gm boluses) 
@ $6.95 Comb. A Zyme boluses 
C-76 p 26 3 tablets/dose @ 
$.24 tablet 
C-76 p 5 20cc/dose 0 
$.0265/cc 
ARS-Vet discounted from 
$.60 C-76 p 75 $.0295/cc 
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99. kaopectate .30 ARS-vet discounted from $.45 
100. rumenal fluid transfer 4.00 Est 
101. uterzyme .28 like treatment 95 
102. lytic ointment .04 ARS-Vet discounted from $.05 
103. dextrose 1.50 C-76 p 13 750cc/dose 
@ $.002/cc 
104. nolvasan (i.u.) 1.18 like treatment 88 
105. penicillin + novobiocin .80 like treatment 22 
106. kramastringo (astringent) No cases 
107. medi-biotic .80 like treatment 22 
108. 444 (multi-shot) .80 like treatment 22 
109. biotef (higher concent, 
neoymcin) 
.80 like treatment 22 
110. 17900 (PS/neomycin) .70 like treatment 26 
111. novasorb (novasan) tablet 1.00 C-76 p 26 4 tabs/dose 
0 $.25 
112. hydrocortizone No cases 
113. CGP (calcium gluconate 
phosporous) 
1.71 like treatment 63 
114. evacuim No cases 
115. ACTH (Adrenomone) No cases 
116. genotocin (gentomycin) 6.27 ARS-Vet discounted from $9.40 
117. azimycin (PS/cort antohist. 
compound) 
.80 like treatment 22 
118. mastadose (P/S comb) .80 like treatment 22 
119. crystalline penicillin (i.v. ) .80 like treatment 22 
120. bolumide boluses .75 like treatment 18 
121. uramide boluses 1.20 like treatment 2 
122. wound dressing .15 C-76 p 35 6 oz. wound dress­
ing aerosol @ $1.25 
123. turcapsul .50 ARS-Vet discounted from $.75 
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124. saline (physiological .13 
salt soln.-P.S.S.) 
125. pine tar pack 
126. trim feet 2.00 
127. neomycin .80 
128. atropine .09 
129. magnet 1.45 
130. llncocln 1.20 
131. kymar .30 
132. erythromycin .80 
133. dlhydrostreptomycln .80 
134. amplclllln .80 
135. hetacln-K (form of .80 
amplclllln) 
136. surgery general 24.00 
137. sutures 1.00 
138. remove stitches 1.00 
139. scarlet oil (rose oil) .04 
140. IBR Na Salgen vaccine .70 
141. IBR, BVD, and PI^  vaccine .60 
142. aminoplex bolus 1.50 
143. anama bolus 1.50 
144. tetanus antitoxin .60 
145. emblo .75 
146. vit. K .40 
147. epinephrine .35 
148. Manually rupture fetus 1.00 
C-76 p 13 25cc/dose @ 
$.0052/cc 
No cases 
A-Vet per foot 
like treatment 22 
C-76 p 75 3cc/dose @ 
$.03/cc 
C-76 p 25 each magnet 
ARS-Vet discounted from 
$1.80 
C-76 p 72 5 gm tubes @ 
$2.95 
like treatment 22 
like treatment 22 
like treatment 22 
like treatment 134 
Est 
Est 
Est 
like treatment 102 
C-76 p 8 
C-76 p 7 
like treatment 70 
like treatment 70 
A-Vet 
like treatment 18 
like treatment 85 
C-76 p 13 5cc/do8e @ 
$.07/cc 
Est 
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149. Na Bicarbonate .04 
150. embolax .7 5 
151. novln (muscle relaxant) .40 
152. laslx (diuretic) 1.75 
153. expectorant 1.00 
154. lysostaphln 
155. tylocln .80 
156. cefa-lak .76 
157. Quartermaster (dry 1.20 
treatment) 
158. camphorated oil .07 
159. dry treatment 1.20 
160 Kanamycln .77 
900. lepto vaccine .40 
ARS-Vet discounted from $.05 
like treatment 18 
ARS-Vet discounted from $.60 
ARS-Vet discounted from 
$2 .62  
Est 
No cases 
like treatment 22 
C-76 p 5 144 quarter syringes 
for $110 
A-Vet (dry cow treatment) 
ARS-Vet discounted from 
$,10/calf 
like treatment 157 
like treatment 21 (quarter 
syringe) 
C-76 p 7 
